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The metabo lisrn of sul fadirnidi-ne was studiecl in the

rar. The main excretor¡z nroCucts were fou-nd to be the

free druq and the I\J-4 acetyl ¿6¡li7¿lirre. The lI-4

pl-ucuronide ancj the l.-4 suffamate were assu,med to be

minor netabolic nroducts.

The rates of excretion of the total drug were

found to fo1low a similar nattern efter oref, I.V. an$.

I"l)" adninistrations. The rate plots after all three ioutes

showed an initial rise follon¡ed br¡ a secondar¡,¡ linear
nhase" After I"I/" in,iecticn an initip,l ohase similar to

an.absorotion nhase is rnost unusual and several

experiments were conoucted to determine the cause " -tt

wâs found that there was:

f) l,io aocarent saturation of l¡l'-ndinE sites or

excretion Ðrocesses.

2) l',îo crJ¡stallisation of drus after in.jection"

3) tlo effect due to âne,sthetic "

4) I,lo exnlanation indicateC bi¡ blood levels of

the dru,n.

The bl ooo f evel data w.s .lîittecl to a two

comoartment- onen nodel usin¡" the 'fl'lOnrLfll" oro¡:ran

end a 360/65 fll,{ disital comÐuter,
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s,r¡*u_g l_q _ * :9 g _t_t__!q_x t "

AlI lc val-ues F,.re âÐDârent first orcier rat-o constents

with units of recinrocal f-iours"

Tvrro co¡nnartment nroCel.

lç- - from c entral comnertreent to nerinheral
LZ

comoartment "

k^- from nerinÌ-leral- comnartment to centralZI

c omon rtment .

l< elimiaetiori from central comnartment into urineEI

k - elimination of me'uabolite from central
m

comnartment. ùnt.o urine "

k., eliminatiori of free dru¡" .from cent::al

comnartment into urine,
rì ôm^Ìrn+ Of drU.n in Oef inhefa l- COpnartrnent "-ry,

Dp, pmount of drup' in central eoninertnent.

D,, amount of dru¡¡ in urine.
U

D amount of drup administered
o

Two cornnartrnent nodel with absorntion 
"

S]rnbol-s alîe the sêìIr,e as above with:

N^ amount oí dru,n in the .qastro-ir:test,inel tract "

k - absorotion of the edniaistered Cruq into the
?t

central comnartnent"

k elinina-uion fron centrrl coilnartment into uritte.
e
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noo kfactor, f =_".y_ = 'iL

".É, ,-€ tr
' '',_r ''l: "e

ll-- - amount of free drua excreted at inrinite tine '
U

1.,1,, amount of metabo,l-ite excreted at infi¡rite

tine.

One cornnartnent rnodel.

Slrmbofs Ðre the serne es abo'¡e with:

ií Þrnôlln t of metabolite in 1.he blood "ti¿ñ

-',1,, anount of mete,bolite iC the urine.
U

k- rete eonstant oor metabo.Lism of the druc.
I

1- no* a ^^nstent f Or excretiOn O€ the metal¡Olite.I\t - I<1UU L\1.

*. rate constant f or excretion of th e :oree clrup: "

factor,f= kg = kg = Dff

kr+k, i( Mfr+ Dfl

anclK=Ì<.+k-t_ .:

k rate constant for excretion of the netabolite

after in jection of the rnetabol-ite "
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Introduc'uion "

2*A,) i,letabolism and excretion of sulfonamides.

'iíhen sulfonanides ere ¡Cniiristered to animals, a

nunber o.fl metabof ites npv l¡e detecteC in -uhe urine p,nd

tissues (ll,ridees and '¡/illians " 19ô3 . 7962, -l-966) " The

metabolites include lt-1 and Ìl-4 r"lu-curonides, )J-4 ecetr¡f

ano lI-4 sulfate derivatives. (Eig, 2"1) " The free druE is

also found in the ti-ssues (includin,q bf ood) and urine.
t1I:Utir)

sulfad
1I TTt1 fl

suf f anilarni-de

lrís. 2 " I " Cenera Li s eC Sul-f onanide .

Thre emounts of free dru¡' and each metabolite

excretecl denend on mpn.r,/ factors incl uding snecies, dose

end the dru¡ adninistered. Bra¡r et, el (1951) stated,

" There are several nathwl;rs availal¡le for iîretabolisn

anci ¡,vhile it is to be expected that all possible reactions

will rocclur sir¡ru1taneousl.y, the Ðronor-r.ions of the dose

r¡¡hich actuall¡r foll-or¡¡ the various roilte= dit'Cer greatl¡r" "

Sucli f¿:ctors as the effi cienc:¡ cr the necessrr\¡ enzr¡l'te

sys l.-ôirs. the a-¡aiòabi-1it¡¡ of the con.ìr.r¡'atinli molecules

/-tr l
f.L,r.l

eiroiri in
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( e "i" :'liicuroni c aciC) anrl the avrilabi lity cf free
eners'/ for synthetic jreâctions r c?i'i eontri bute to these

diff er"ences " Tal:en to-etr_er, tLc abo.ve determine the

i.zelocit¡r of eech inCividual reaction in the intact
aninial- , lvhich in turn deterni nes the amount of r,retaborite.

r ) l¿e!eÞ_-o__r. . sn o]i__99t.þ¡a¡i-iÀq_u_"-

a) Site of metaboli sm,

The site of ¡retaboli-sm. o P sulfonamioes ma.y verv

frorn snecies to ,sÐecies 
"

!¡.þ_1-_e__2r--!,¡\cg!¿lg!_ro¡-q!__sgrletrlgtf dg_Þy

r¡arious tissues in the r.at (Lia.rtiala and Terl:lo. 1965)

Tissue. Percentage of sulfanilenid,e
acetvlpted"

C ontrol

Liver

Stomach

Duoclenum

Ileun

I{ i dne¡r

Sl<eleta.l l,luscl e

ô^

10 .0

26 "O

1À ô

0.0

lre.irtiala anc Terh.o ( 1965) investip:atecl the

abilit¡r of isol-ated orgens to detoxicate sulfanil-amrde.

Srnal-l pieces of j-soletec orgåns were incubatecl in a

rnodif ied i{rebs-Rj-np:er sol ution rvith the sulfanj-,1-aniäe .

Ta.b-l e 2,"L indicates the Ðercentafle of the adced
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sul fani l ¡rnide converteC to the a,cetl¡,1 derirrative b:¡

-uhe tissues of the rat.

A:l though eonductecl in -v_r!¡q , the results

indicete that the variou,g ti-ssues i-n the rat have

the abil it-¡ to acetvlate sulfanilarnide "

S¡zke s (1944 ) studied the abil itv of va.rious

tissues of different sceci-es to earlry out the

metabolism of sulfadinicline. On addition e1. the

corinound to liver slices fron rats and p'uinea nips,

the acett¡lation ner¡er e)íceecled )A %, r,vhereas 'òO %

of the adCed sulfacJimidine wp,,s acetr¡lated in s-Li ce<l

or minced oigeon I iver'.
clucuronides of suffonarnides are often

assumed to be formed non enzvmat,ica.lly to a smafl_

extent in the kidne¡,i and urine ( ljno et af t L967 ;

BriC,o,es end 'i¡i1]i¡rns , 1963. ) ',',Ihren oflr"rr"nr.ides pre

the rnajor ¡-retabolites , a synthesisin,g¡system is
invol-ved This systern is cresent in the kidner¡, the

skin , the liver , and the Eestro intestinaf tract
of the dog " the rabbit , and the rat. (3oi¡-l and and

3ooth ? ),962" )

.lJenzi et -ql, ( 1968) studieci the inetabo.l ic abilit¡¡
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of isolated nerfused kidne¡rs in situ of dogs and

monkeys. The kidneys of both animals v,/ere canable

of demethylating and acetJ¡lating aminonyrine and elso

of conju¿lating o){ezepam with glucuronide. The

comoounds encì th.eir metabolites \Mere present in the

excreted urine and in the renal tissues"

Govier ( 1965) found that the rnain site of

acetylation of sul-fanil-amide and pare amino benzoic

acid (pAg¡,) in the rabbit, was the liver. The

acetylation occurrecl in the reticulo-endothelial

cel1s" The lung and snleen also contain a, high

per'c entage of re ticul-o-endothelial- c el-Is and ere

cal:able of acet.ylating PABA and sulfanil-anide.

(b) Amounts of irietabolites.

The Dercentag'es of the various rnetebolites and

fre'e drug also very with different snecies and dru¡r.

Sykes (L944) noted that on administration of suffad-

imidine to man., about 9oo/o of the <1ose was excreted

in the con.iugated form" On thre other hand, only 5A%

of the close was excreted in the conjugated. form when

the drug was adrninistered to oigeons "

Cilligan and Becl< (1945) noted the variability

in the extent to which sulfonamide drugs ere metabo-

lised in man" Sul-fad,iazine and sulfathiazole ere
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acetylated to e lesser extenl. t-han suf fledirnidine.

C"l-rrcuroniclated sul ''onemicies vi¡ore f orrned in some

itrstances i n r¡i-vo n \rârt¡i nr¡ from 5?á with su-l fathia zoTe

l-o ti87ó n¡ith sul faCirnicline 
"

Salvi- and tlancher (1964) comnared the rnet:bolic
+ate of such lon.,r actin- drup's Ês sulfe-ohen=zole and

su-Lfe-dimethoxine with'sulfaclimidine. iìoth showed hris:hr

Ðercentapes of ,glucuronide comnared r,vith sulfadimidine.

After actministration, at feast four excretory oroclucts

were recoprrised i " e " the free dru¡r, ancl the acetl¿l,
o,r-l-Fo* a qnr'r El ucu¡:onide derivatives.L,g! 

' 
Ç L v 

9

Rohni et et (I9ô9) stud.ieC the metabolism of

sulformethoxine in both animals and uìan" In men, four
dalrs after -uhe acìministration of 1.0 ilm. of sulfor-
nre Lhoxine, the total su.lfonafr¡.de in the urine consisteC,

of ann::oxirn=telJ¡ two-thirc-ls inactive acetl¡lated

substance and arnroximately one-t,hir:d non-acet.¡1at.ed

suìrstance" 37% of the latter (or l-3"5% of the tota_L

sul-fonanide) consisted of inactive qfucuronide"

Various workers have l-isted me-uabofi'ues of rïpnl/

su'l f onamid e d:rugs " [-]no et af ( 1967 ) adninistered

sulfedime-uho;<ine to rabl¡it end rnan anc obtained the

follot¡in,g r:esults (Tetrle 2"2.)
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!gÞ19_ 2. 2 " P"rs.-e11l"ggs of metebolit"

urine after p,dninistration of s'ulfadimethoxine

to man and rabbit. (Uno et al 1967).

Lietaboli te i[Lan 96 Rabbit %

Free drug

l'Ì-4 acetyl

ll-l- glucuronide

N-4 glucuronide

4.9

17.1

77 ,r
u"v

EE IdÐ"t-

oô
O.J

1t a

The existence of the li-4 p:lucuronide in humans

was doubted becaus'e the figure quoted lies within the

range of error, and the comoound is very unstabl_e.

Bridges and Viilliams (1963) studied the metabolism

of sulfasomizole (Table 2.3).
Table 2.3" Percentages of rnetabolites found in
urine afte.r administration of sulfasomizole tq

',//iIl_iams, 1g6B) "

l\{etaboli t e iìebbit ?i Rp.to/c Dog % l,x.an %

Free drug

l:l-4 acetyl

lI-4 sfucuronide
j'l-4 sulfate

Oxidation oroduct

D^O

c- ôoo o,1

1"1

0"0

68"1

29 "A

]Er.Ð
lL

ono

0.c
1À

61. B

JO"õ

0.7

0.1

The resul-ts sugr.rested that N-glucuronides mey be

formed in vivo non-enzymaticall¡r and if they occurred

in urine, the¡r could be artifacts.
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F'r'i-c.lses and r.ir'i l-1iems (.196ô) ¡f te;' adninistrat,ion

of sulfedinethoxine to rat..;, founcì the na jor neta.bo-l-i'ue

to be the l.:-4 acetlrl rierivative r¡;ith only smal l
amounts of ll-l ,glucuronicle "

The free iìrug r ::-1 acetyl. end the ì'.1-1 glucr:r'onide

r ¡ere found in human urlne a,flter. admir-rist.ratiorr of

sulfamethonidine (llecla et *eJ, 1968) . The L'i-4 acet¡z-Ì-

and free sulfemethoniidine \^rere found in the urine of

rabbits and rats (l,.iearlo e! ql,:1962)

2) Acet-rrlati on ano deacetl¡Ietion.

Deacetyl ation a,l-so occurs to var-r¡in- extents in
different species. Ulth m¿n after ¡drninistr¡tion of the

acetr¡l derivati-ve onlv 1% anneered in the ur-i ne ns

free su Lfad¡-ni,dine whereas with oi¡reon 4A% of t,lre free
,:iru¡r lyas recor¡ered after acetvl clerivetive wÐs

administerecl ( 5rzkes, 1944)

Iirebs et ¿T(.L947) founcl;

a) Rnt liver extrp,ets were able to h-'idrol¡rse

\l-4 aeetr¡l and other acr¡1 clerivat,ives.

b) aeetanj-lide M/as hvdrol¡¡sed b-r¡ rat, l-iver anci

kidner¡ ertracts.

c ) acetanil-ide ancl ohenacetin were dep,cet¡rl¿1"¿

bv the intect råt,

d) in men and rabbit, con ju.o.atiol anleered 'r-o

nroceccl es lon,¡¡ a-,s free sulfadimidine rva.s oresent end
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th,e ecetvl clerivrtive '¡irs not s j ør-lif içrnt l v hr¡rj rol-.,rss¿ 
"

It was concludeci that the relative aniounts of free and

ecetvlatei sulfonanices were deoendent on the re-lative

ectivities o-fl the acet',,rlp,lins eni cleecet,lrl ati-ng

slrstems. The results of Smit,n anC Witf ia,'lg (T949')

conf ir.med I¿,r.ebs' r¡¡Ork 
"

3) Sulfonnmide excretion ancl correl-atj on of

i. t_t*yp_!nd *in_ vi t ro _nrgqq1-t_i e s .

Sulfonamides âre excreted bl. the kidner. bl¡ e

combination of three Ðrocesses, ¡lomerufar filtration,
secreti-on and tubular reabsoL:'ntion" A wide varietv of

organic ac ids are secreted by the o.arp-amino hrin¡urete

mechani sm r,vhich can be 'blocked b:,r i-odonyrac et. lirita
et al (l-969) used this infomation to investr,oate the

excretion of sulfanilamide (oKn = 10"5) and sulf-
isoxe,zole (cKa = 5"1 ) frorn rabL;i.ts" Sulfisoxazole

was actively secre'ued whereas sulfanileniC,e was not 
"

i\lore sulfanilamide than sr-rl-fisoxaz,ole v,¡es'filtered

throu,,sh the glomerulus" Reabsorotion occurred

with both connounds but s1i¡"htlv more sulfisoxazole
vüas reebsorbed when the active secretion nechanisni

was blocked " V'/hen the u.i:ine rÀras made alkaline,
suljlanilanide w¡s un-ionised and'uhe reebsorotion

vúâs the sanle. Sul fi-qoxe zole, at an ¡lkalir-re nH,

i-s ionised and the tubul-ar rear¡sorntion
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decreases below the normal f evel. This nãy su.øeest

a non-ionic ciiffusion Drocess for the reabsorption

of suffanilamide but does not elucidate the reabsorn-

tion process for sulfisoxazole.

Desnoooulos and Caflahan (l-962) assumed the

secretion to recluire a nhysicochemical- interaction

between the substrate and a nostulated intracelful-ar

receptor molecule. The substrate specificity in

this transnort system deoended on the Ðresence of the

intramolecular sequence, SO2XI-, it the sulfonamide.

The reactivity of this .prolrÐ required ionisation a,t

the nitro.sen, localization of the net charge at the

nitro,gen, and electro-negativity at each ox"ygen

sufficient for the formation of hydrogen boncls"

Poulsen ( 1959) studied the renal clearance of

sulfadrmrdrne anC sulfathiazole in cows. The former

was cleared by a combination of filtration, secretion

and reabsorotion, r¡¡hereas the latter was cfeared only

by filtration and secretion,

R.ieder (1963) worked with five sul-fonamides in

man and rarobits" The renaÌ excretion rate wirs

refated to the diffusibility of the sulfonamides from

aqueous to lipid sol-vent " There was no correl-ation

between the extent of orotein binCing and el-imination

rate. These results were confirned in rp-ts (Yamazaki
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et af, 196t),

Yanazaki et a1 ( 1968) ad.ministered å series of

sulf on,rmiCes to rats. In al kaline urine those sulf-

onamides lvith a lou¡ ÐK" were more ionised and exhib-

itecl fest excretion rates. These f indings l/ere in
asreement with those of Arita et al- (1969) in the,t

the reabsorntion is a non-ionic -rlrocess "

R.eiss (1963) stated that colorimetric dete'rmina-

tions o f blood l-evel-s did not diff erentiate between

free sul-fonamide and that bound to oroteins or between

ionised and un-ionised forms. There coul-d also be

binding of the ionised forms to proteins. Since it
aDpears that only free anions of sulfonamides are

active against bacteria ( Be11 and iìob1in, 794?,) , iìeiss

attempted to correlate nhr¡sical nroirerties such as

oll^, formation of complexes with bovine serum albumin
cl

and distribution coefficient between buffer and chlor-
oform, with known antibacteriaf oronerties" A three

dimensional diasram was olotted anc the coordinates
(x,y and z xespectively) \¡úere sol-ubility in chloro-

form, solubility in pII 7.4 buffer, and concentretions

of the sul-fonamides u¡hich yielcl 1O-4 moles/l-itre

concentretions of free anions in 3% bovine serum

albumin solution. With this diegram the oharrnacol-o-

gical Drooerties of the sulfonamides coulc1 be preC.icte,d
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with some accurecy, e.g. (a) elimination is slower

the neârer the sul-f onamide aor;roeches the yz Ð1ene,

(b) it is increased as the sul-fonamide anproaches the

yz plane, (") the pharmacological a.ctivity increases

es the oosition of the sul-fonamide annroaches tbre :-ly

ofane.

Austin ( 19ô7) concluded that the distribution
phase was nrimarily a oassive factor which deoended

on the llKa value of a given sul:f onamide, and the oll

vafue of the fl-uids involveC. The un-ionised lioid

solubl-e fraction is the fraction transnorted across

cel-l membranes or from one flu.id to another"

4) Sulfonamides and orotein biqding"

Ir{any nrotein binding exoeriments with sulfonamides

have been comnlicated by the fact that workers cons-

idered binding canacit¡r in one snecies and attempted

to extraool-ate these resul-ts to other soecies. Anton

and Boyle ( 1964) considered the al-teration of acetyl-

ation of suffonamides due to orotein bind,ing by using

a 3% bovíne serum albumin to evaluate the Dercentage

acet¡¡lation of piceon liver extracts" Anton (19ô0,

1961) found that the bound fraction of sulfonarnide in

rat's blood was devoid of antibacterial activity"

The bouncl fraction could be displ-eced and the net

effect of the disolacement was a droo in plasma
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concentretion o'f total drug'and err increase in the

unbound fract.ion. This resulted in an ircreased

concentratioa of sulfonaniicle (u:r^rbound) i r tissue,

nein-l -,¡ liusc Ie "

Ê\ ^'-r {'Adirnidine netal¡o1i-srn end excretioi¿ ) j(a Il- -j U Il.liI_U_rr1,:___-, l

for this v¿ork.

Sulfadi¡nidine could undergo severel netabolic

steos but acetvlation was assumed to be the nain olr€u

Renorts of other sulfonamides in different s¡ecies

indicate that sulfadimidine is orotein bound in th-e

rat (Witz,gal-L anci Boyens, L964; Toth e_t_ a!, 1961;

Scholtan, I9õ4; nnC. Toth et af , 1964) " YamazaÌ<i et ¡1."

(19ôB) in a series of sulfonamides found there was no

correl-ation between the excretion rate and nro+.ein

bindinq in rat.s. fn this work, therefore, t,he nrotein

bincing wes not 'uaken into consideration" Sul fadinidine
has a pl{a value of 7 "37 and is assumed to be excreted

bJ¡ g:lonerular filtration and actirre secretion, with

¡. ninimun of tubuler reabsorntion (nrita s_t_rt, 1969)
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2--') rho-r.rçckrnetics âcc, lirCell_in-"

l) Theorv of líocle-l I inp'"

Thre kinetics of j..io-l o.'ical s)/stens i¡ly6lyi¡1g

cnz-'l: tic r'e¡c'iic::s, dif iusion rrd fl-ow across men-

branes ere connlex. To sinolif.r biol_o,-ical s,lrste,rvÌs,

nodels ere derived which nar¡ or me,]¡ not be annronriate
.but 

simnl- j fv tl"e nroblen, ( iìescip'no and Setre, :ì g6ô) ,

Pharmacokinetics is the stuC¡r of the kinetic Ðrocesses

involved in the absorntion, distributj-on, and elimina-
tion of drugs "

l{oone}r (f9ô6) stated that 'ulre ncdel was der-ir¡ed

indirectl¡r from the biolo¡ical s]rstem b¡r ry¿1r of pn

interme<liate abstraction from the reat- sj_tuation.

tsasicall;r the abstr':iction inr¡of r¡es the reco.rnition of
the governin,q feetures of the s¡¡stem and the formu-La-

tion of their es:sent j,a-L interrelationshins " The nodel

is, therefore , lirnited b]' the abstraction and cen on ly

deel with the terrns cier.ived" There are three rnein

re psons f or converting tc a fornal- rnathenatical rnodel: -
1) llethenatics offers a concise notation for

ouantit,ative matters, This is suited to precise

expression "

2) Inclusiveness and generality - the brerri-i¡r of

nathe¡nat.j-cs pernits simulte.neous consideration of a

broad p.rrey of variab]es and their refations"
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3) There is a lerge bociy of existing matheinatical

f ormalism i. e " the.re is a vast collection of theorems

and methods conprising mathematics rr'¡hich cÐn be aonl_ieci

Pharmacokinetic noclel-s ere virtually all- comnosecl

of five basic tynes of unit nrocesses (Vfaílner, 1g68)"

a) the ccnversicn of a chemical snecies to

another chemical snecies by an enzvmatic or h)¡droÌ)¡tic

reaction catalysed by a chemical constituent of the

body 
"

b) transfer of a. soecies across a barrier or

membrane where the volume of a comnartment on one

side of the barrier may be ignored.

c) tra,nsfer of a soecies across a barrier or

membrane where the volumes of the coml:artment,s on

both sides of the membrane must be considered 
"

d) transfer of a soecies from inside the body to

the urine, sweat or expired air, all o1 which are

considered to be outside the body.

e) a systen comoosed of free, or non-Ðrotein

bound soecies and the corí.esnonding orotein bound

snecies.

Ììiegelman êt al (1968) went on to describe the

bodv in more detail with resnect to nharmacokinetic

modelling" Comcounds or species are distributed
throu,eh the body by the blood end vascul_ar s.ystem"



L7

(Kety et al-, 1951)" A model oÍ this system reDresents

drug distribution and eliniination and consists of a cen-

tral comop,rtment with interchanging connections with

one or nore oerinheral connartments, that is, a

mamillary rnodel (Shenherd, 1962).

Btood is the ma.'ior constituent of the central
comnartment and the re-te of untake by the tissues is
control-led by various forces i.e.

1) rate of bl-ood fl-ow throueh the tissues,
2) måss of the tissues,

3) oartition characteristics between the pfesma

and tissues. The interrelationshios of thes,e forces
is described by Fick's Law of Diffusion, (fet¡¡, lgSl-).

Bf ood flows can vary from 5O0ml_. to 2mI" Ðer lOOml,

of tissue and the oartition characteristics are

dependent on nFI, lioid solubit¡r and complexation ruith

proteins and nucleic acids. These factors all rende,r

verJ/ difficult the assignment of physioloEical meaning

to a cornoartment. price (196C), workin,q ruith anesth*

etics, defined four groups of tissues according to

the desree of oe::fusion ofl the blood and oartition
coefficierrts between licid ancl water;

1) a highly nerfused, lean tis'sue grouD e.g"

heart , lung, liver, liidney etc "

2) poorly oerfused, lean tissue €:rouÐ e.g" muscle
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Ênd skin tissue.

3) fat grouÞ e"g. edinose tissue^ including bone

llldt a Li vv é

4) negliøible nerfused tissue srouD, ê.p. bone,

teeth, lipament, can be i,znored e--{cent l'or comrounds'

r,r'hich concentrate therein, e.éT, calcium in bone"

Croup one is considered to be nart of the central
comnartment,

The experimental- data is fittecl iö the simolest
model that is relevant to the study. Then, the model

must be increased in complexity untif the correct

"f it " is obtained. ( V,tren the diff erenc e betr,veen the

theoretica.l- and exoerimentp,l curves is a minimum, the

"f it" is considered correct " ) ldelsoii (-rgor a) ¡howeverr

stated that with increasing' comnl-exity in the chosen

moclel-, increasingly more comnlex mathematical exDres-

sions result from intesration of the differential
equations describin.q the rate of transfer or modific-
ations of the drug. The constants in the mathematical

exÞressions must be evaluated from the exoerimental-

data, Since the mathematical exÐressions have no

power of discrimination in themsel_ves, the fact that
the exÐression, rvith ccnstants evaluated, does f it
the exoerimental results mal/ mislead one into believ-
itg the model chosen is correct" hTooney (1966)



I9

insisted that the intei'tlretèd,'results must agree

with alread¡r estabfished biolo.nical knowledge before

the nodel can be assumeC valid. i{agner (fgOA) stated
that the closeness of fit (of a noclel) ås rneasured

by residual-s, is a strong noint; but cautioned that
one must l-ook for trend.s in årees of noor fit, to test
the adeeuacy o- the nlodel

There ere three Ðossibil-ities after the modef

is re-examined, in refation to the fit obtained (Rer-

man ert a}, l-962) "

1) The data is adequate to clefine the mode] p,nd

final fit yields Ð. random scatter of the data about

the theoretical calculated values, Calcufeted

correction ternis tend towerds zero as the sol_ution

converges to a f east squares fit ¡nd the stanclard

deviations of the variable Ðera,meters ai'e relatively
smal-1 co¡noared to their values, ie " the model is con-

sidered comoatible with the data.

2) Ðata is inadeoua-te to nermit the clefinj-tion
of the mociel.

3) The data is adec;uate to clefine the rnodel but

does not have the randorn scetter about the car-culated

values, i o e n the presenee of s-¡stematic der¡iations

sug,eests that the model is inadequate to fit the data

and it requires additional degrees of freedoin ( i, e 
"
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more

2A

rclease of constraints or the

Deremeters, )

2) iciodel s Us ed "

introduct,ion of

a) One comnartment mode-1,

A one comnartment moclel_ of the tyne, Eic" ?"2"

.''D-------------_-..,T;

"rrV 
) 'nz, ul

t-/

lu

FíF..2 "2, CIle cornpartment mocle!.

was commonly used to describe the tine course of a

drug in the bod¡r. That is , nlottina. blood levels at

various times on sei:ai-lop:arithmic graoh DaÐer led to
a straight l-ine which coul-d be describeC by a mono-

ex.oonential te:r.m. Nelson and O'ReilIy ( t"g6i) studied

the kinetics of sulfisoxe zore acet¡rlation and excre-

tion in man" The single comoartment model- of the

above type wes written to describe the nost-absorD-

tive and equilibrative nhases of drug excretion. A

ti¡ne of four hours after drug in,gestion was arbitrer-
ily chosen as zero time. This allowecl interoretation
of excretion data in terms of the eouation develoned,

The eouations excluded the absorptive and equiribre.-
tive ohases of drug distribution" The kinetics of
sulfaethylthiadiazol-e, sulfamethylthiadia zoj-e, sulf-
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í somid ine and su.lf ainethoxine v/e

the rsarne aD¡roa,ch (i:el son " l9õ4

b ) r1-g_ "!gr:ilt-!?tlL _+_olþ r-:

llelson (1964) reco.p'niseo

in,ìect.ion, the kineti-cs ofl su-ì-f

'be described br¡ the two connart

Dn

o.,1 
I 

o,,

'nV!Ð r- 
---7:', l!,*e1

e.f io ccn slde r'"cl b-'

Iiushinr , 1967) .

at

th

nt

t- rj

t

th

P,e

mô

after ranid I"V"

l¡lthiadi azole coulcl

model , Fi¡ " ?, ,3 "

DU

trig.?._:3. Two coqpellfgq! qo4el_.

This model had the minor disaclvantage of niore comnlex

ma.thematical exÐressions "

After raoid f"V" in;ection, orovideC bfood

samnf es are taicen suf Êici entl ¡¡ ouicklv, et lees-L ¿t

bi-exrronential cL-i.rve is obtained when olottin,o blood

level-s at various times on seinj--Ioqe,rithmic qranh ÐaÐer.

The tu¡o coninartrnent model rn'i11 fj-t this t-/ne of
exnerimental data and is also nh1'siolosicellv comnâtib.1e

with the distribution of tl-re cirup throus'h the bod¡¡

under oerfusion and diffusioi-, forces already described"

(lìiegelman et a1, 19oEa; Teore1l, 1937; DominøùezI 1935;

lìip'p:s, 1963) 'rhe tine courses of thioneritone, acet¡r1-

selic)¡lic acid end g::iseofulvin in man fitted the tr,vo
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conpartment model . ( iUeselman et a1, 1968a) . Was.ner

g! eI ( 1968) used Ð two comoartment model to describe

the oharmacolocica,l effects of L"S.D, in mano

c ) Com,olex_model-s 
"

Itliodels of ,ereater comllexity have been described,

1) Gibaldi and Feldman ( 1969) oronosed a three

compartment model to explain the infl_uence of route
of administration; oral versus I.V." In the oraf ease

a three comÐartment model accounted for the henato-

oortal system"

' 21 Cibaldi et al (1969) prooosed a three comÐ-

artment model to describe the oharmacological effects
of L.S.D.

3) Garrett et al- (1963) nrooosed a five comnar:t-

ment nodel to e>rolain the time course of .radioactive
cel-cium in the doE.

It seems then that the simnlest mode] which will
accuratel-y describe the time course of a drus in the

body requires two compartments, Iloweverr in simnlify-
ing the modeÌ one can focus on the Droces's of interest
i"e" metabolism and excretion.

3) I,fodel Parameters.

According to Doluisio and Dittert (fg68). There

âre two fundamental t¡roes of parameters cìescribing
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1) Volume terms which descr.ibe t,he volumes or

capacities of any comoartments into whj-ch the drug

is oistributed"

2) 1ìp,te terms which describe the rates at ¡,vhich

the reactions depicted in the model, occur"

There ere three types of volume terms used in
oharmacokinetics, (Benet and Ronfield, 1969).

a) A volume term with some physiolo,qical meaning

in that it describes the actuaf size of a body region

e.g" edipose tissue in thiooental nharmacokinetics

(tsischoff and Ðedricl<, 1968) "

b) Dominquez ( 1934) described the volume of
distribution or "the hypothetical- vofume of bod¡r

fluid dissolving the substance at the same concentra-

tion as the plasma. " This term has no real- nh¡¡siolo-

gical meaning,

c) The hvoothetical vofume emoloyed with refer-
ence to the volume of en unsamnled conpartment, e"g,

the volume of the tissrie ccmpar.tment in the two

c omlrartment model- .

iìiegelnan et al (f968b) stated that the volume

of distribution is a Ðarame'uer of a model, used to

describe the distribution of a drus in the body"

Its ph¡rsiological meaning is limited bJ' the model,
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As such volume terms can be rnisl-eadì-ng and at the

nost are of limited use.

Rate constants have not yet been as'si¡ned anJ/

ree.l nhysiol-ogical meaning in that the¡i reoresent a

series o'î reactions rather than one oarticul-ar reac-

tion. They give an indication of the length of time

a drug will stay in the body"

4) The Paren.reters,k, end Ìr.
k. and ko âre related b.y the follor.r¡ing expressions;IJ

lf_ô IJ\
()

onÄ1r-I''-k-*'.*^1o

where f = Du*
ñ]1ãTl/rüe

_ )i1.Du is the amount of free druE excreted in infinite

time "

1,,Íu'4is the amount of metabol-ite excreted in infinite

time " ( inf inite time can be def ined es the tirre it

takes for ell of the druq to be excretecl from the

bocl¡¡, This is usually tal',en as about ten half lives

of the drug" In the case of sul-fadirnidine, the half

life in rats is about 4 to 5 hours and infinite time

was t,lken PS 43 hours " )

Th

in the
1-^t

at is, the arnounts of free Crug ancl netabolite

urine deoend on the relatir¡e sizes of k, and kD.

the rate constant for metabolism.
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The r¡alue of k, reÐresents t,he conversion of free

drug to the rnetebolite in the central comoartment and

its excretion into the urine. The chemical reaction

for -Lrensforrnation is, tri¡' "2.4
rl\-T T I:\!.1:Õ

¿

Sulfonamide

AcCoA ___+ Rl,tFIAc

ac etyl Co1-'

CoA

Fi,s,2.4. Conversion of sulfonamide to acetvl--

sulfonamide.

The rate constp,nt. therefori3, reDresents transnort

end from the metabolic site, the actuaÌ metabolic

transformations and then excretion by the kidneys.

to

free dr:ug,

îhe velue of kU reoresents a comolex series of reac-

tions leaCing to the excr.etion o-f the free druø b¡r

the kidney, into the urine.
5) Pharmecokinetic Studies of Sul-fadiroidine.

Turco et al- (1966) studied the kinetics of
intest.inal absorotion of sulfadimidine in man. A

nodel of the type, Fig"2"5 wes prooosed to e;<plain

the time course of sulfadimidine"
I!-'
l-_------j/'---_-----_-_2Õ

¿
0

Fis.2.5 l,lodef to exclain the time course of

the rate constant.îor excretion of the

sulfadimidine in man
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where, I = gut"

2 - intermediarv state betv¡een blood

and gut.

3 = bfooC "

4 = tissue,

O = urine "

Usins a suitable digital comouter nrogram the

data r¡¡as found to fit the theoretical -Line generated

by the computer, after both oraf and I.V. adninistra-

tion. From the nrogram the authors obtained relativ-

ely large standard deviations o.fl the generated

parameters " The large errors were explained as' due

to poor exoerimental data, rather than any definite

areas of deviation which r¡¡ouÌd indicate a poor fit

of the model"

Koizumi et al (1964c) studied the kinetics of

renal excretion of sulfonamides, including sulfadimi-

dine, from man after oral- adrninistration of the drug,

To obtain the various excretion rates, several-

essumÐtions were made;

I ) ¡:'l omr"rul-ar filtration rate v\res constant

durin.q the exoeriment.

2) rate of water removal at the nroximal tubule

was const¿rnt and larpe enough compared u¡ith that of

the sul-f onamide.
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3) volume of f]ujd jn tubufe v¡her"e the cirug rvas

nassivel;r rbsor.beC, \^ias constent.

4) L:eabsorntion of drug was a f irst orcler Drocess "

5) frection of orotein bound drup: rrras constant

during the duration of the exlerinlent"

Koizurni et al ( 1964a and b) studied the pbsorn-

tion of sulfonamicìes, inclucìine sul,fladinidine, through

the stomach and intestinal walls of rats. The wells

were assumecl to be of a linid nature. The exnerimental

data sunnorted e relationshi¡ betu¡een the absorption

rate and the oartition coefÊicient between chloroform

end buffer, pll = 7"4. Eecause of the linoiC, nature of

the barrier, absorntion of the dissociateC. and

und-iSsociatecì f orrns lrv-as assumed to be cliff erent " The

absorption rates increased to e rn:,xiilum et the ontj-mu.m

pIT, uùien the greatest amount is in the undissocial.ecl

form. This nl'l differed bl, about one nT{ unit from the

theoreticel pI{ p,t which there will be the mininum

amount of dissociation" It wes co ncl-uded that stomech

and intestine conditions i.e' aciditrr and surface

conditions, olayed e ce,rt in the ebsorntion rat-e.

,tiakemi et 3] (1969) found that the de,oree of bincino

to the nucose was correlated to absor-ltion characte'r-

istics, it tit"r, The untake of the barbituric acid

usecl, was clessified into two Ðroces'sesr P,bsorption
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of the drup onto the mucosal surfaces ancl the accltm-

ufation of the crug in the 'uis,sues; withr the forrne,r

es the more imoortant steo.

In the follorrying: work with sul-fadimidine in the

re.t, both one and bwo comnartment models ere used,
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2-C) Comnutins and ¡harrnacol<inetics.

i¡/i th the iormul ation of comolex inodels e rnore

sonhistical,ed methods of Drocessing tire exoerimental-

ciete har¡e b ren develcned " The analog end di-itel
comnuters âre canable not onìy of nroe essin¡"- th,e d_eta but
al-so of simulating curves frorn hynothetical models,

1) An¡1og Connu t,er 
"

The analo¡" computer deals with continuously

varying voltages" The innut of the analog connuter is
a voltap'e which varies with time, dete,.mineci by settin,q
the potentiometers in the circuit" The outout is elso

in the for.m o.f a voltage which changes with time " f t
is visualised either as a reoetitive sweeÐ on an

oscillosc.one or es a g'raoh on an X-y nlotter'. f t is
orimarily å device for solvinE cìifîs¡çntial eouâtions

usins time as the indenencjent veriable (Waøner, 1962).

2) Cognarison of- Analop. end Diøital Comnuters,

l\.{any ¡uthrors (Garrett et gl, 196g; Ta¡rtor and

\t/ie,ryand, )-962; Yeislev and Þollard , 1964: Garfinkel,
196ô) nreferred the analoq comnuter over the ci,qital
c onnute:r " Garf i-nkel ( 196ô ) statecl " rf the nrobr em c an

be sof i¡ed usinE the analo,q comnuter, use it; if not,
use a digital eomnuter."

Garr.ett e.t s]= ( 1963) and Ta-rrf s¡ ancl \,/ieEand ( f g62)

consider the analo,q comnuter better becaus,e of its



30

sinnf icitr¡ and moï'e f lexible Ðrop.r.qûiminp. havin.". the

advantaee that an understanding of the dvnanic a,snects

of the problem variables is readilv achieved.

Carfinkel (1966) nrefers the analo¡i comnuteL:.

becau,se of the eese with i,vhich the user can contro_l

it and. the ranidity of the solution Ðrocess" I{owever.r

three må,ior disadvantages, as conoared vuith the di,qital
computer, were also oointed orrt ;

f) The analog cornnuter can hanCle a limited num'ber

of chemicel reactions whereas the di,eital_ can handle

11Ð to 10, CCO or more "

2) There is a limitation on the range of numer-

ical nroblems that can be represented, and on their
accuracy "

3) The caoabilities of the analog eomnuter âre

increasing less raoidly than the digital com'Duter.

Desnite these disadvantages, the analog comouter has

been used on comparatively conol_ex nrobl_ems.

3) Di,gital Comnuters.

As alreedy mentioned, digital comouters deal

with discrete observations exoressed as inteeers or
binary numbers in the memory of the comÐuter. Thej¡

âre canable of adcition, multinlication. exDonentiation

etc. and hence, are verv useful for reoid numerical

anal;rsis of data. L{ost Dro,qremlnes are ojl the iterative
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t"1rne and deal mainly withr the statisticaf analysis

of exnerimental data, i',lJan1', however, contain a

oroviso which cen be used for simulatior.i purÐoses.

4) Examnles of Us'e of Di,s'ital Comouters "

lJerman et al (19ô2) develooed e Drosrem thet can

simul-taneously treat 25 seÐarp,te functions that mpy

arise in resnonse to a s¡¡stem havin,q' uo to SS pâra-

meters of which a maximum of 25 may be simultaneously

variable, \t/ith ån innut of exnerimental data, the

mathematical exnressions describing the model, the

initial estimates of the rate constants of the

exneriment r the Ðro.qram automaticarty obtained a least
seuares fit of the data by an iterative Drocedure

involving the model- narameters, The jlro,sram wâs

divided into various subroutines which cÐn determine

sol-utions of the svstemâ-uic ecuations, e "g" ;

1) linear differential- equations solved bl,

usinp' a fourth orde'r RunEe-I(utta method"

2) sum of exnonentials sol_ved analytically.
The iterative Drocedure was emnlo¡red beceuse the

functions are in general, non-Ìineer r¡,'ith resnect to
the variables and e first an¡roximation is usually
inadeouate to obtein a least squares solution in one

steo' The values of the ÐÊremeters were incremented

or decrernented to p'ir¡e functions i¡uliich in turn .qave a
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minirnurn 1e¡st scuEres solut.ion. The nevrl¡r calculated
values for one iteretion l{iere used es initial estimates

for the foll-cwing one anci conversence to the best iit
wes obtained " BecÐuse of this, it wes founcl necessarl/

to cut constreints on the initial rzalues of the

oarameters so that the comDuter would not decrease one

oarameter et the exDense of the others.

:jlckernan et al (rg6ô) derreloced a pro¡TraÍl which

included a techniclue describeo es "iteretive øuessing".
Their Ðrogram mainl¡r used the equation;

ñ
t1

knowing the values of b, and bz,, the unique varues of
cl and cz were determined to give a minirnum sum, E, o-f

the squarec cleviations betr¡¡een the simurated curve
(cre-btt -cr"bzl7 end the deta noints, ¡¡i end ti" The

Ðrocedure wes to guess values of b, and b, until one

found a set of resurts that geve a mininum clevietion"
I{olding one and var"f ing the other often fails to
ccnverí¡e to the best answer or takes too 10ng tc do

so. The technioue, "iterative ,olf essin.e " ,uvas., there_
fore, develonecl, Fig" Z "6.

_hlwi r. o-'l-ti-e^o-bztIf ,\,.r - "1 u r - t'2, s L

l=n

i-lt-t
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1og. bl
Fig.2.6. "fterat,ive îuessing " Techniqug.

(Ackerryan et al. (1966)

The X's reÐresent vafues of b, and bZ separated by

about 30% from the o;'io'inal, f " The seuared deviations

of each ere found, comnared and the I owest one Ì¡ecomes

the centre of the next scuere" The Ðrocess is reoeated,

excent ooints oreviously used are not recafculated,

and continued, until the centre is the best point.

The step st-z,e is then reduced to LA% and so on until
convergence is obtained" The Ðarâmeters cen be

guessed fro¡n the techni.oue or cân be oricinally
estimated usins an analog comouter,, The Ðroqram was

used. to genei'et,e curves for verious models, e. g"

1) Blood ql u.cose resulation their comnarativel ¡r

sinple nodel for the DassÐge of gluco-se throu,qh the

bod¡r, was founcl to gener.ate cur\res which ',Älthough

tliere can be no doubt that the fit is not v¡ithin the

limits of equilrrnent error, it is welf within the

lirnits of repeetability " " l].o sl¡stematic trends for
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errors \¡./ere found in a series of thirt-rr c:urves, Thus

the a/rreement of data anC sinulated curves súnrror-ued

the valrl-clity of the simnl-ifi ed moclel- es emnhasisin.

the most imoortant features of blood slucose

re.sulation "

?,) Calcium in bone usinp' a four conÐartmellt

moCel includinq tu¡o in the 'oone, curves \t¡ere nenerated

that corresoonded witli -ul:e Ðassâge of radioactive

calcium through the body"

Lowenthal ancl !'itslcv (1967) vmote â Droprern

thet cal-culated the r;.,ininum variance of the innut

velues kn and kC/r^a, the anoarent first order rate

constpnts for absorntion and elimination in the mode1

-Jt; 
-.- ttu 

, ,--
' 't

concentration in bloocl, C = -ok, . _k.t _k t,- te o e P )
Vd ( k--l{d )

kt,ee )

-ùt
^ -l 

Iu r/

t) = t-n "çltrU^'t - k"t
u¡h-ore U- ao/VO ¡nd à -- r(F, l.,l

tu'here å^ is the dose and V. i s the r¡olun:e of distri bution"ocl -

As r¡¡ith Acker.n.an et p.1 (1966), a .'ricl seerch rou.'uine

c = Y o lo-k,lt" à --e'-
-l

(i - Y v ^-K-L1u _ _r\^iJ -. \
>d

vúes used, Iig "2 "7 ,
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l-
^d,zk

e

Fig, 2"7 Crid Search iìoutine. ( T-,on'enthpl and

Vitsky, 1967. )

The initial estimates r¡¡ere incremented or decremented

by 0.1, 0,C5, 0.005, etc. and eight coints were cafc-
ulated ebout the initial"

Various bl-ood concentretion versus time data
from the literature were fitted. some date could not
be fitted b.f¡ thre eouation beceuse of;

1) Ðoor snacin,q of time intervals"
2) insufficient data noints.
3 ) data not coll-ected over Ð. suff iciently 1on,q

neriod of tirne

'¡/ith this progrern, seDarate tests must be made to

deternine tlie goodness of fit of the calculated curve.
n,2The X- test was sussested 

"

e"ce1e

The )C2 values are comoared with tables" rt wes found
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thet the comnuter calculated variance gave,''ust as

good en indication of the goodness of fit as the

test.

Carfinkel ( 19"66) considered the glycol.ytic
nethwav for the metabo_l ism of glucose as p, comnarati-

vely simnle system" Wlth a digital comouter and an

innut oî rate constants, concentrations and a series
of differential ectuations e curves wei.e simul-atecl r¡¡hich

corresoonded with actual exnerimentel results from the

glycoh¡tic nethwa¡r in ascites cells. Using ân isolated,
beef hep-rt glycol-rrtic s¡rstem, rnrhich overcp,me the

problems of connartmentalisation, limiting rates of
entrv into cells, etc. , the number of cliff erential_

ecluations that directly referrec; to the enzyme system

was increased" This a,qain 1ed to a good correlation
betn¡een the simuleted and experimentaf date.

Wagner ( l-967 ) used e digitat cornnuter to simulete

curves for three antibiotics, lincomycin, novobiocin

and tetracycline. rn eech case, good correlation was

found between the simurated curves ano the exnerimental

ciata of the blood l-evel-s. The Dro,qram ernoloyed an

iterative Droceclure to p.enerate e set of DÐrameters

which nrovidecl a least souares l'it of estimatec; tö
observed serum 1evels" The analoE comnuter was us,ed to
give i-lri'uial estiniates of -uhe Ðaremeters.
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the Ci¡'ita-l- connuter' Ðro F;-?.)rfi

u-seC in tl:,is wcrk"

The Droqrâr used to Ðr'ocess the data in thi_s

v¡ork. \/es "-r.iClJLil,i" (l:{etz,J..er, l-969) which consists of
the nain nro,qrall anC e-l.er¡en subrout j nes " The basic

idea behind the prosrain is simj-lar to those alread.r/

ciescribecl, i " e. the calculate d date is coninared with
*uhe exnerir'entel- data and the v;ei-¡'hted sun of sou_eres

founci e.p-"

' we ight ecl

3S(g ) =

,sunì of sou.tries
l-ar TrT -ì

\I

EÐ (Yjj (
j --r -i -l

ÐaÎa!¡ieief r¡a-l-Ue S, 9
fi(9,Xi,i) )2',n/i-,i

for,

11,l ,

where ¡IC is the number of lîrinctions

'¡i,i(l{i-j) is the,i-th" observa-uion on the i-th.
func't-ion and the i-th. functio:t havin.z lIi observ¡tions 

"

fi(-9,Yij) is the celculated data from'1.he narFì-

meter value", Þ , end times, Xij"

'!'!'i.-] is tLre n¡ei¡¡htin,q fector of tle .t-th.
obserr¡ation olf the r-th " function"

3riefh¡, the subroutines are es f o1.l ows;

f-) TlrlÐU'f inouts al-1 the data from nunchecl cer.ds "

2) SU;|ARY ceuse,s the Ðarameter values and

i,veighted sunr of scuares to be orinted after 'uhe

iterations conver,oe " it also ceu.ses ot|.er caf culated

u¡ ta to 'oe nrinteci.
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3 ) 3l.ll,13Q comÐutes u¡eighted strrn of souares ,

4) ililllS soÌves a s¡rstem of simultaneous

erluations by liartley's modif ication of the Causs-

ll ewt on ne thod .

5) rf ^FllV com¡utes ei.penva-l ues and eisenvectors

of the correlation matrix 6r the estimates.

6) COI,:--'U- acceots velues of nefemeters end time

and then either cells " p+r-iJllO to algebraicaf 1v salc-
ul at,e Values or' controls the inter"retion subroutine

in lIIlhiIl\IT which again calculates values.

7) NILTiîfllT - uses a :îourth order, varieble step

size, ììunge.Kutta method to integrate a set of differ-

ential ecuations which are def ined in DEFUI'IC 
"

B) ÞLOTN if desired will nl-ot theoretical and

observecl val-ues,

9) C0lì comnutes correlation betn'een observed

and calcufated values.

10) DT Ti'{fT edjusts the correction factor of the

o¡rameters to m¡ke sure thev lie lvithin the Lirnits "

fl) ÐFUÌ,iC this subroutine must be written for
each nroblem run on l.IoliLTlI i, e " for the mo<lel:

kt kp,

A--c
the differential eeuations ere:
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ÐA = _Akt

dt

l)r = Ak-' qk-
,l+ t 'UU

if these are innut. the theoretica] values ere

cel-cul ¡ted throus'h llintlr,rT'"

l-ntesrptins the ebove;

^ - 
Â- -1r +.¿-r ¡\() e ''l "

R = Aok-' v 1. 1- +' r ( e-"2 u- e-t'1 ')
l- l-
J.\ l

if these forrns are olaced in Dl¡iil,lC, the t,heoreticeÌ
values pre calculated directly.

The eouâtions inrut into D-¡U\rC have been summarised

in Clianter' {,
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llxnerinentel nethods anC nater-ials -

Ð I \ :'^+ ^rials eno anj-ini-l s.,)-L) .... L,i.

a ) S.¿_rg'_.".*fgi4ç_

The sulfaoiniidine Ìlsecìr wÐs a comnei:eial

nurified by ::ecrvstal-1j-s::tion f¡:on g59ó eth¡nof
art.

rJ

sann--ì.e

¡r; ^ a I
ô l.' I ^'o () o L e

t'1fi
'1

Fig"3"l . Sulfadinj dine"

(111 õ 
^ 

l,:l\r
'/.!.1 Õf/\-ro ll.

ñT1UiÐ

.E_ig. 3 " ? . _.__-_{_lc u tlr _1e_L!3êr¡!Ê1q_" .
The rgg{rr} comnound wps orenerec, b-¡ dissolr¡i::..

sulfadinridine in vi¡eal< sodiuin h.¡dro-rride soluti on and

then adcrin¡" the rer:uisite anount of acetic anhLvclride,

( r.IoI_ Ler, l9ô5 . l¡ 
" 192. ) The ac et.¡f e ornnouncl thus

ol:tained was recrl/stal Ìised twice rîron g5% et.hanol "

Its nuritr¡ nas determined usinc'the rnethod of Bratton

and l;.ersha1l ( l-939) aricl by com.ÐÊriscn of nieltiní¡ Ðoints,

leô8)

l2^t-¡^/,-,*:__--
rf

c..\ "

ôT¡*'--Äîî

eetecl)

rck Ind

Qrry-Ç:r

" ( uneor:L:

ggoC " ( i:le

t"yl sulfa
À'

^rrrJ'¿"' 
\,

.i\

o
l.{ " 

Pt " sannle l-97o-1

r: n+ t;+^-_+ÌlL-e 19l l, u o Lr uvr- ( u

b) lvnthesis ofl li-4

ll.Þ1,, sarnnle = Z4lo-ZqBoC " (uncor.rected)
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li"Þt" literrature = ?4go-ZSO)C. (nictionp-r¡¡ of

Organic Comnound s , l-965 )

BJr Bretton and ll,larshalt (lggg) assql'u gTre sanole

containecl O "16% free sulfona¡nide "

c) Animal-s.

liale Sprague-Dawley rats('

betwe-^n 150 and 4CC ,giarns were

Before exoeriments, they were

allowed r,v¡.ter ad tilritum,

The Colony, ìiiadison, Wisc. )

used in all exoei.iments.

starved for 24 hours but

3- 2) Animal Tecllli.t-rs 
"

a) ùTetabolic Studies 
"

To determine the main metabol-ites, the rats vúere

anesthetised with ether and dosed with one mf" of the

drug solution (25mg,/mL" - the drug was dissolved r.,vith

with the aid of a minimum amount of sodium hydroxide),
by stomach tube" The urine was cofrected for 24 hou.rs

and the volume noted"

b) Þharme-cokinetic Studies,

To maintain urine f_Low, the rats \Mere siven p,

mls. of weter b.y stonach tube, everv hour for two

hours before administration of the drug. Water admin-

istration was continued everl/ half hour after the drug

had been given" The drug was administered (oral and

r.D.) v,rhile the rat wes restrained but conscious.
(Doses of 15rng"/nI. and 15mg"/.!m: ., resnectir¡e1y")
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To give the drug I"V", the rats were mildl;r anesthre-

tised with ether, and the in.iecticns girren into â

ferroral vein. (Dose of 15ms,/iml")

c ) Ìirine Collection.

After administration by the annronriate route,

the rat was olaced in an irnnrovised metabolic câge and

urine samnles lÀ,'ere tal<en at various times, the time

being acr,uratell¡ noted " An¡r urine exc rieted between

times was adc,ed to the next ser.,nle. The rats were

made to urinate by causing them to inhale sulfuric

ether" ( The ether causes snontaneous contrection of

the bladder wall, re sul-ting, i^ most cases, in

micturition)(L-elson et a1, 1966") Each sampfe wês

thoroughly washed into a beaker.

The total urine outout was col-Iected for at least

48 hours in order to estimate the total excretion of

free drug end metabol-ite.

d) Bl-ood Cof lection.

Rlood samoles were obtained n¡hen thre rats were

sedated with nentobarbitone sodium. A nild to heavy

sedation f.ivas obtained for t,he duration of the exneri-

ment using 50mg"/kg", then the rats \rere allowed to

recover and trensferred ¡s'netabo1ism.cagsb for át'ldast

48 hours" Two methods lvere used to obtain the blood

levels, namel.¡r cetheterisation of a jugular rrein
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(Van Detten et al, 197C) or retro*orbi-ual Duncture

(wagashima e! =f, 1968).

fn the f orme,r method, thre rats were anesthretisecl

witlr pentobarbitone scCium, 50mp: "/kg.", and then a

catheter, 0 " C23 inches internal d.i ameter and C . C45

inches outer diarneter, \Mas nlacecl into the ¡uøu1ar

rrein to wit.hin about a quarter of an inch of the heart;

it was secured r-rsing three cotton threads alons the

Ienp'th of the vein. The other end of the catheter

was l-ecl in front of the riqht foreleq underneath the

sl<in and out at the 'back of thre head" To secllre th-o

catheter it was leC through a oolythene sadcl-e stitched

beneath the sÌ<in"(Van netten et al, 1970) t''¡:-thin 24

hours the injection was given through the catheter

and bloocl samoles taken at thre required tinies ' After

each sampl-e was taken, the cathe{sr wes wesheC out

with heoarinised seline" (ft \Â/as honed to undertake

more then one exneriment on eech rat, but it wes found

that even though only half an inchr of catheter

orotruded from the skin, the r¿lt was stifl able to

dislodse it fro¡n the vein, ) The rets $rere then left

and urine sanoles collected after 4B hours.

In the tetter rnethod, the rats were sedated with
pentoberbitone sodiurn ancl en in.iection of the drug

given into one femoral vein and one of 50 units of
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heparin into the other. A hepariniseci ¡'lass canillar,y,

of aporoximatel.r¡ the sane diniensions es the above

catheter, was inserted. through the membrenes et the

corner of the ratrs eye, The bfood ffowed freely

throup'Ìr this, and was collecteC in a snalf nf estic

clrÐ, creviously .qreaseC, with silicone Erease, As

soon as oossible, thre bl ood was taken up in a syringe

to obtain a knov,'rr volume " presunably because of

clotting, about five samnl-es were obteined from each

eye.

3- 3) Þ¡çp¿ration of Samnles.

a) Urine,

All u.rine samol-es were filtered and individuaÌ1¡r

made un to volume" To assay fe¡ the free drug, 2mls"

of the Ciluted urine were made uÐ to Smfs.r,vith waten and

ÀT.HCl -and assa¡red"For the total drug in the urine,

fOmls" of the dil-uted. urine were heated unCer reflux

with l.l"LICI, 2"5m1s", cooled, made uÐ to 25mls" and

^^^^-.^^-. 1)i)d v cu a

b ) Bl-ood,

Each'olood sanr;le was imrnecliately placed into

4mts, of notassiium oxalate solution, 0.Sne " /nL. "

The blood nroteins were then Ðrecinita,teC. using f .Oml-.

of a 15% sofution of trichloracetic acicl" This wâs

then centrifu,{ed, .f iltered end the suoernatent assa¡red"
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(Uo sip'nificant p,mounts of suÌfedinidine were nrecin-

itated with the nroteins ( ir,1cl,{ahon, l97C ) )

Q- /1 \ n'^^--,tiCaf i,lethods".a .l ¿rtr<i r v _

a) Assay li'lethods.

A cal,ibration curve wÊs nrenared usin,q C"l5%

sulfadimid,ine in the range õ-44 v".g./nL. " To 5m1" of

solution, either st.andard soluti-on, suita,bl-l' diluted

urine sample, ol blood samnfe, was added C.2nl " of

C.2596 w"/v, sodium nitrite" Three minutes later O.2nl.

of I"25a,6 w/v" ammonium sulfamate was adcied and in a

further tv¿o minutes 0"2m1" of 0 "259i' w"/v " I'i-1-nanh-

thylethr¡lene die,mine dihydrochloriCe. (Fischer

Sc ienti liic Co " ) ( Rretton anC l.{arsha}1 , 1939 . ) An

Oxford Sauinl-er ( Oxf ord Laboretories " Caf ifornia. ) wås

usecl to oinette C.ZmL. volunes of reagents' The

amount of metabolite was determineci b;r the difference

in free comoound before and after acid hydrolvsis"

b) T,letabolic Stud ies 
"

The urine was mixecl with an eclual vol-ume of 954,/0

ethanol, centrifu¡¡ed, and the supernstant used for
m r 

^ 
a-i'] -iÌoroUo" ,)rrrca qel olates, 0,25mm' thicke were usei

to achieve â senaration" (411 t¡¡oes of cellulose

ola.te r¡¡ere unable to stand the hi,,qh temÐeratures

reouired " ) ( Staht, 1965 ) ttie solvent sJ¡stems f ound

to give the best separation were r:
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1-butanol saturated r¡¡ith water' : pyridine

l-butanol : concentrated ifT-lnOli : nlrridine

4C : lC : 5 : 5C (oT-i = 9.0)

water

The volume of arnrnonium h¡rdro;<ide v!'ia3 ad justed to give

the above ratio which geve the best results.

The soots essociated with the free drug were

detected b..,¿ snrayinq with Bratton-l',iarshrall reaeents,

those of the glucuronide by snraving with nhosnhoric

acid,/nanhthoresorcinol reagent ( Srid,qes et af , f 965) ,

and those of the metabolites by soraying with \l.i-icl-,

heating at fICoC. for lC minutes, and then snralring

with Bratton-l'Íarshell reagents. To e,chieve complete

separation of the acetyl and free sulfadimiCine, the

olates were ru.n for about five hours which included

about two hours efter the solr¡ent had reached p- Dre-

marked sofvent front" -loth the acet¡rl and free drug

$/ere recognised bli coinnarison rn¡ith standarCs.

To determine the rel-a.tive amounts of free drug

and each rnetabolite nresent, the nl-etes \Mere run,

sprayed along the eC.oe, and then scraoed at the

corresoonding areâs " The sepÐrate scralings \¡/ere

l:oiled with N"lic1 for one hour to hrJ¡dro}.rr-se off the

glucuronide, acetvl, etc.. The solution \¡,res cooled,

fliltered, nade uo to vofune and asser¡ed"

The urine \¡,îs ¡:lso assayed for totel end free
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Cru,s

3-5) Di,'ital Cornnuter i.iethods 
"

l,lOl'il,Ill, a conrputer pro.qram for paraneter estima-

tion in non-linea.r sttuations, kinrì1¡r sunnliecl bJr nr..

C,l:. lletzler of ti.e Unjohn Connanr¡, \{âs usecl to obtain

the best vàfues oÍ the model Daremeters. The comnuter

used was tl-re IRl,{ 360/65 model et the ìJniversity of
l'lenitoba Comnuter' Centre. For the r.ecriir.ed moCif ica-
tions of the nrocram, see Chaoter 4":,

3*,6) Statistical i,,{ethoCs 
"

A.l I straight lines wer.e fitteC usinp' the reÍ'res-
sion fornul-a: -

\^ç.) >ry - à-xLy
cl nna h xi-UIV'/ç t J - l.

<- .)
( Zx) ''

}I

eccordin.ø to Saunders and lleroing (1957)

3ets of results with uneciual numbers \/ere

cornpared using a student t-test (Saunders and Fleminq,
I 

^E-\tY¿t)o

Sets of results v¿ith ecual nunbe¡s \Mere cornnared

usine' analvsis of varirnce (coldstein,L967 ),
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CLepluq_4.

llu ot;'_of__i!çqglt s "

The exnerin'ien-ual- data wes fitted to one and two

comÐartment rnode-Ls " The rnodels are reÐresentations of

the absorotion, distribution, netabolismr and

excreticn of the clr:ug in the bod.¡r and es such the¡¡

focus on the more imoortant transfers and reactions.

The one conoartment moc1el has the n:inor adva.ntace of

nore simnf e rnathematics "

4-1) One comnartment, model"

Examnles of one comDârtment models are sho'¡u'n in
Fi-"4"L"

¡aDc
Do

12
I¿.-9 .-â. I " _Qryç-*_c_ gpq3 r !ge.n ! _ m9 !_qlq_1

The drug end its metabolites are assumed to be

in eauil-ibriun with these rnaterials in other flLrids

of distribution. The k's are first orCer rate constants

in recinrocal hours for the resÌlective Drocesses

and. ere assunied to nroceed at a rate directl.lr oronort-

ional to the aniounts of the rraterinls in the indiceted

ilh-iids" The r¡olune of distribution oî the drug and
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its rnete,bolites is essumed to remein const,ant throu¡'h

out the exoeriment"

The c',iff erenti-a1 equa,tions describing moCel I Fre;

D',. = -K D,' (1)
"o 

:i
ñT/ntU - L'' ttn, (Z)

giving solutions;

D-= D e-Kt.r) u

r) = r (1 e-I:t)"u "o
The differential equations describing model 2 ere;

o

D^=-k\reþa

?"= 
koDe-KDs

T', 1.. T\]Ju-t:"3
giving sofutions;

D^ = D^ "-k"t1- U

D- = k^ ll^ z^-l(t --k-t.--j a -o (e e e )

G;:trT
KD

n = Ð "o (v (1 ^-I{t rt/1 ^-k^t,.,U = -E]T=I- (Ka(r-e - l(\r-e ¿ ))

In the above solutions;
v

ó
11 OOr TlêO W L 1:,..TT , .ufl i\l ' Àe

UUI-Ù

V = Î.¿f
a! ô l.!!

rl

1- 1t 1-o1 r.- ^3
a) l,{ethocls used to obtain constants.

fraction
of free drug,

t-
ó

l3)

(4)

/ <\

(6)

\/)

(s)

(e)

(lo)

( rl)
(12)

( 13)and
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3l-oocl level- deta "

u!.
of of of togarithm of blood l-evels

woulcl :field a streisht line with e sfooe

i.e. takinE l-o:rarithms of equation (3)

\¡ersus times

of -T{-/ 2. 303

K t (L4)
I -ana
ar 6 ¿VO

obtainecl from ecluations (12)

1)

a)

ð

1og. DS = Log" Do

Constants koand kl can be

and (r3)

b) With absorption from the gg-!"

A nl-o-1,

would yield
of logarithms of

a biexoonential

bl-ood 1eve1s

curve of the

versus times

type, Fig ,4 "2 "

1og. De

time

îi9"4 "2 "
Þfot of D- versus time on semi-logarith-

mic Eraohy paper. 0ra1 dosege'

In Fig. 4.2", the fine for Ì<u is found b"y the

methocl of residuals. Fig 4"2. is the normaf cas'e where

the rate of a'r:sorntion is much faster than the rate

of excretion" If the situation were reversecl, the
-rn*an -r -in^ñr slone would be eoual to k^/2"3C3.Id LCr t ? IIllC;ct. UÇ g\rucr uV t-[), ,'

lope = R/2.303

slope =



ÐI

2) L]rine levef data.

Pararoeters ere obtainec from the urinarY excre-

tion data by olottin,q the logarithm of the rate of

excretion versus time" From ecluation (.3) r the curve

obtained from a rate plot cån be chare.cterisecl b)t

ectruation (15). (Swintosky, 1957)

-f n'(]L,-
t,"l no "

OL

Ia+
(ls)

1, " itV,J

where C is the aDÐarent maximum amount of excl:etal¡fe
o

substance. Therefore, the secondary, linear nortion

of the curve will have a slone eoual lo K/2,"303'

With model 2, if the rate of absorntion is very

slow comoared to the rate of excretion, the slooe of

the secondary linear oortion n¡ill be equal to k^/2 "303.

4-2) Two Compartment i'fodel"

An examnle of a two comoartment model is shown

in iig. 4.?,.

r¡-f ^ A 1)
I'IF o T o U. A Two Comnartment lnodel-.
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As al r:er cr¡ men-ui-oned (Cnpnter 2,, Section 2-t,) . e

t,r,r¿o cornnartrneni äoclel is ohvsiolo,qicallr¡ comnatible

with t.he distribution of n drup' throu:rh the bocì1r uncler

lerfusion and diffusion forces " The volumes of the

tissue and central colûDsrtnents are assumed to be

eeup,f tl.rou,q'h the oxperinent" iLletabolism and excretion

occurs in the central conoartment and the k's

reÐresent first order rate constants with units o-f

reciLÐroca1 hours, The cl j ff erentiel eou,etions describing

thr nodel Pre:

:t=kztDt-':iDi?
¡=]rn_Wt''T ^r2"1-, nzf-uT

: -.\t'l] - oel!;l

r^1L ^-^ ^vrrryrc = k-^ + kL/, e_L

sir¡it;¡¡ solutions;

FN'2 '1 "r 'z
-F+-ñ+Lotl)o(Lt2-rl) (f -e '1") + k"l_Do(krr-r2) ( 1-e '2 ")

't.t =

(16)

(17)

( 1B)

-?.'r
r¡lhor-o.

rt = l;.(-(krr+n) + J f..+Ur.r)t 4"k"fkzt (2",)

rr(ru "2,) (20)

(zt¡
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F 7_( _(v -e).?, ,\ .*21

Tn t,he above

fraction of free

( a¿)r ì\ ' '-2.r'

solutions

drug,
a_t-

I

-CaD--tl
lr/l-Þð- ndo'U + "Il

1- .ç
e,L

kk
- _*_q_ --__\)_ -( >a\

V J- 1-- V \'f,l

m u el

\ (,.) )

( 2s)

(26)

ft is noted that the cónstants'describing a two

cornnartment mocjell are hybrirl constant,s , thet is, they

ere conn]ex nroducts of the actual rate constants.

b) L'lethods used to obtain rate constants.

1) Rl-ood 19y91_È!q:

A nlot of the fo,qÐrithm

time gave a binhasic plot o.fl

o f the blood level versus

the t¡rne , Fi,q "4 "4.

1og. D'=

Fip', 4"4 PIot o.l_!.''-"ç"tqg tine on semi-l oserith-

rnic DaDer ranid f.V. in.rection"

rr is obtainec by the method of residupl-s. A anrl B
L

are found âs sho-¡m in Fi,s 4"4"

The values of the microcon.stants mPV be obteined

sl one

t ime
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narelneteL:sthe above

, ( 19ô8a) ,

^O ^ '\- i! f
Ð

,ri
1 -__

CO
D

't- 
^r^21 /1

^¡fI

br¡ the nethod of iìi e se ,Lman

R

B
+ 

---CO
Ð

r^ + Btf.
¿l

T¡t/n 1-) \_p, .1
1-n1P,

( ra\
\ 'r 

I /

A' + lf,' (28)

( 2e)

(30)
D

)''

B'/r,
two c cmpartment mo de I r,vi th

t-*2f

1-
CI

/ Dr \
c_L A, /rU +

4-3) Simulation of

absorntion.

For ease of administration, most drugs are given

orall¡r" Simulations of the two comoartment model with

absorotion, Fig"4"5., were carried out to determine.

v,¡hether the constants o'btained graohicall-v were in

agreement with those used as inout"

Dá^)D^ TI
"U

Ti s sue

Fig, 4"5 " Two comnartment niodel vr¡it,hr--absorpt.ig!"



The differential

EÊ

eque'uions describing the modef

are,

where

Tl-Yra

Tl={

D__ =
U

uq1
I

ÎaI\

m^1--;a í.1\ ¿

1-n-ñ u^
(t

V Tr ¿-'- Tl - T.-lTlnzI"T , -'a-1 - 1r "3
1-nÂ^lJD

c .,

r- n 1- Tìf\. aj:- I\or l/.- I2-:J ?.L_ T

WtV
- N] r) ' I!^

nå3 LeÐlace Transforms of equations (32), (33)

&. (35)

ÒJJf,\;

^TlÒ lJ*
i':

Ò.1,,/ñ'l

T.'
L)

o

vTl
ó 'l

1- Tl
Õ

/v N
t V T.' - T,-ln' '-2I"T r. "B

rV

0

S + KI

l--o12

(36)

(37)

(ge)

t,rans-iìearranging equations (36) , (37) and

ferring to matrix form;

38) andr

l" + Ì<^

I -,. 
cl

|"a
lo

0

t--"21
o-LÞu ¡ '-21

D"i

ol
cl

+ r-,)(s + ,Z)

Al = s + ko((s + T{') (s + kr1) - k2tk12))

r¡¡hi ch is ecluivef ent to;
./\- /¿__\r = (s + k")(s

vr¡here:

r_ = ;.(-(k_.+T(') +
I 

',L
end;

-ra = t( -(k^-+I{')-2 :,\ .^21 ,
I tl t t1: \ 2-
\ r\ ' t-?,\, 4"k;"k_zr

/ oÐ\

/ Ða\

( o¡\

(3s)

(3e)

( 4c)

( 41)

l- n 1- nor2u? - "2ltT

1¡<'*t<rr)2

transferring matrix ( 39) to determinanl. form and



UU

solvinp for D.

s+k
a

-k a

o

D
o

o

ô

o

s + K'
'ì,

-o1 2

o

1--^21
c+Þ * 

2.1

s+k

therefore, takinE antitransforms;
_v+ntte -o"

transferring metrix (39) to determinant form and

solving for D-::\,

o

l--o2r
c-Ll¿ "21

Do(-ka)(S * L21) (¿g)
( s+kn) ( s+rr) ( s+rr)

By rrartial fractions

eouation (43);

and teking antitransforms of

TI
"R

-. 1- +
k"Do (kzr -k J 

u ""' _"

!

-F +
k l-- (\. - o )e '1"-'a.-o \Ì21 - ',1' +

1- n l. r^-l.rt
^o".ì \ Kor - To)\. t'

v a,L ttJ (44)

From

Th ere

k.k"Do(kzr - ka) (1 -k t.
ec')

( A,\

D
o

0

equation ( 34) ;

rrl -1. r n dtU¡¡ I\^ I 'DêUclr..) J
fore;

T.,uu-



r'r(ko-r.,)(rz - rr) (45)

k^lç D^ ( k-. r.) ( f o-t2t)+ ¡ì e-o' '/. 1. 1'

Velues of D,, and Dr,, were then calculated at arbitrp,rv
U

tirne units of 1 .213 to the reouirecl nurnber. ¿ncl Do eoual to
lCO units" The r¡alues of the rate constants \trere

varied in an attemnt t,o simulate most tvnes of

absorntion, distribution, and excretion,

Rates of excretion p,nd blood level-s \{ere olot-ued

against tinLe on semi-logarithmic Ereph DeÐer. The

slopes and eny re sidual s-l-ones were f ound and attennts

nacle to rece-l-culate the rat-o constants"

4-4) !l_er_!r I c omn_r$ello q_lþ!Þqq q.-

Thre computer rlrogrem, ll0',IT,IlI, j-s canable of
solvin,q s¡rstems of diff erentiaf eouations " ff the

inte.o'rated so]-utions 6f the differenti-af ec,.uations

p,re used as innut, the Droriraln provides the numerical

so],utions. The forner rnethod recuireci rncre tiile but

wâs slip'htlv nore eccurate " Thre fetter method \^/es

more convenient and was used in this studv"

As innu-u data, t,he Ðrogren recuired initial

estimates of the oaramete¡:s governing the model-, with

high and 1ow linits" It elso required the blood

level-s and the times of samnlinq" The comnuter then
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took the initial- estinates of the Del:â.aetei's and

calculated, usinq the e.uation innut into the sub-

routine Dlr'Ji'iC r a theoretical diuþ .l-er¡ef a-u that tine"

It then comDp,.red the theoretical rvith the exne.'i,nentp,Ì

to find the weip'hted sum of squares, SS, i.e" SS =5
( theoret. - expt. at; z!ti, where Vì/ is the uieip;hting

factor. The rrogram tl^ren chan,qed the values of the

parameters until a minimum r¡/eighted sum of soueres

r¡ias found,

The main noints of in-uerest in

1) The finel estirrates of tLre

their standard cieviations,

2) The r,veighted suil of souares

estimates of the Ðeråmeters and the

tion of the theoretical curve from

lo ints .

the outnut were;

Ðaramet,ers with

of the final

percentpse devia-

the exÐe r'imental

3) The theoret ical cur\re.

The stendard deviation is tal<en.s the squåre

roct of the weighted sum of squeres divi¿ed by the

degrees of freedon. The nreights are taÌ<en as the

reciorocals of the diagonal elements of the inr¡ers'e

matrix genereted b¡z the subrcutine l\'iELS (Dernino,J-964 )

Two senarpte Ðroprams \/ere used' to fit the bl ood

1evel C,atp, " The llirst incornore,teC eCuation ( 46) ,

with t,he initial estima,tes obtained as in Fie'4"4"
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Dl = Ae-'Ìu + Be-'2' (46)

From the outnut of "this Ðrop'raa values of k12, kZf

and k - were found rrom er-¡uations (?7) to (af ¡ " These
e.L

r¡efues were then used as innut for a Ðro.,.'ram that

incornorated eauati on ( 19) " This Drocedure \/as found

to be be'uter than the one in which rate constants were

calculated directllr f rom the ,Eranh, and onl t¡ the latter

Ðrogran used.
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Ç-þg-p-!ç-r-,5 "

')^^rr I + ^!lUi)tll U- ô

S-¿) l{etr t¡o1.ic slgqig-q.

f. ) Thin l-a]¡er chr-omatosr¡nhy_gi_glir.9_gjn!]*qs :

After oral dosa.se of sulfadimidine, the rnetabolites

in the urine \,r¡ere seoerated usinp T"i,"C", Fig"5.1"

fre e

ac e tyl

free O

acet¡rÌ 0

0

0
runnin.." tine

= 5 hours 
"

t emn ere tur.e
__ô_= '/5-;,'.

sulfernatu 0

.{}ucuronid-^ 0

Lt_g!_:f " iìeproQggt,i-o_n _9i_ !_,"1..-C_r-_*gI urine sarnllS_fg4_ !,1

Silica .,o.e1 nl ete in butanol_-r,vater/n¡¡ridine sJ'sten f 
"

sofvent front
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All urine sâmDles ,save iclenticaf results wi th the

above sl¡stem ancl with the silica gel in butanol-

rvater,/oyridine,/lJl'io, s¡rsl en,2 " Initial snraying of the

nlates rn¡ith 3ratton-irlei"sha11 rea,gent detectec] one

soot corresnondine to the free dru,' " Af ter hycìr'ol Irsis

on the n.l-ate wjth normal acid, (Chapter 3, Sectio+ 3;4)

four soots v/ere detected with Rratton-l,.'iersLraf 1 rea,gent 
"

Il,tren acid treated nlates were snra-rred with nanhthore-

sorcinot/ohosohoric acid a lieht blue snot wrs detect-

€d, corresDonding to a nositive area on the olp-te,

This wes assumed to be sulfadinidine N-4 glucuronide"

The rel-ative R- values obtained from T"L.C. are shor¡,rn

in Table 5.1,

l,{e't abo 1i t. e

free drug

ll-4 ac e ty1

II-4 sulfemete

l,i-4 glucuronide

i-i. ^

1'f^

ô.7D

ô ac)

l*le_|,_,t " Relative R¡_:a1UeS_€_!feç__Qsgg_and

metabofites.

For e comnlete seopration of the XI-4 acetyl and

free sulfadimidine snots, the thin le,yer systems had

to be run for at least five hours. These tivo nroducts

were verified b¡¡ standa.rd free drug and N-4 acet¡rl

derivative on the same plate. 3ecause of the l-on,g
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running time, the solvent front ran well over a nreset

mark p-.nd, therefore, onh¡ relative il, values were

obtained" The relative nositions and R,' values \rlere

comDetible withr the results orotained by Sridses and

Wi]liams , ( 1963 ) , with sul-fa somi zole in the rat "

The iI-4 slucuronicle and lÞ4 sulfamate of s¿.tf$soúi.zo.]e

were confirmed by comoarison with standards" The

relative oositions and lì,. values corÍ'esoonded r¡¡ith

two snots obteined with sulfadimidine in the ret, As

the sfower runninq soot was assumed to be the N-4

glucuronide (nanhthoresorcinol/ohosnhoric acid snrav. )

the 6lþsr \^ias assumed to be the |I-4 sulîanrate.

2) T'ercentage of each metabolite from T.L.C "

The percenta¡'e of each metabolite wes ca-lcuf ated

directl¡r ¡¡ot sÐegtroohotome'uric determ-inations, Table

5"2.(chapter 3¡,, Sèction 3:4)

l,Ie_tabolite " Sr¡1t*gn 1"?á " Þy:JeeJte-y
f ree drug 20 " Bl- 21.65

lll-4 ac et¡rl

\i-4 sulf ame te

l,l-4 ,.lucuronide

6I,49
-l r] tt
ItJ ø Aï

qÐ q.)

1- Otr

Tabl-e 5"2. Fercentag'es of each metabof ite fron

T.L"C" oraf dosap'es.

From the above figures, Table 5"2, it was assumed

thet the free anci acetv.L comoounds consti-tute the
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Íìâ.-io.r excret,or'.¡ r-r'oclucts o' the druo'- sulí¡dirniCine,

Trencefor"th " the e>rc:tetor¡¡ nroducis of the Cr*,.' wi l1" "- " t

be refei:r'ecl to es the flree anc meta'bol isec conllounds "

The netabolite was taken es the <lifference between

readinp's befo¡'e anri ¡fte¡ hrrlrolvsis of the u-rine

c¡nnl ao

3 ) 4n_ery o:._!_ qi_gfl4e_:1aq--l,1€ f_:

The tota,l :rou::ts of ir-r¡- rl-ld metabol ites
recovered efter oraf :i"rrgestion- of 25n9" and l.COn¡" of
sulf ¿çll1::j-dine are shou.'n in Tables 5 " 3 and 5 "4"
?at lllpi,o'ht Ti'raa rll^*^'r nìn

_L U L¿ r ,'r'Êe ô/---- --/u' mt / lary
Ìr..*L^-^ ^* 

Total 
.!'l' o rL ô

IgEqçr __!I:__ llu.{rEg: tl_qe,+-flr_

I 4"38 1C"94 4C"C5

2 5 " 88 j_4.69 42 "64
ñ 

^a

/o,
= a, a,

5r^.

^ 
tov L\)

m^Àl ^ |: Ð 
^-Lc;UIù tJ ou o il

eqr

o 5"6C t-?"01- 43"05 119.04,

I 5"1-3 15"38 3-a"33 1t3,12
/, 1 ô-l a ao Rc) r rì
= L. o i/a L ø ¿-.J <J(J o IcJ OÀ AO

4 3,88 7 ,64 5A "77 1 28 " 86

'lePn,+= ¿¡1"66 +- 3.54

rygg+t__q ,gf Êlug _Ðq,q lle tg_b_cJ_ i t e af t er

inistr..,ti-on of 25mq. orsIlr¡"
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Rat l- I.P FREE

ACETYL

Eil.-rr.?.-

FREE

ACETYL

Fig'.5.3"

ô
trlt-
tlJ
cY.
C)

l¡¡
(9
E

2 3 4 5
TIME ( Hours )

2 3 4 5
TIME ( Hours )

6

FREE

ACETYL

Iig.5_ré_r_

o
UJt-
Lrl5zX
l¿J

(9

Rot 5 -I.V.

Cumu lotive
in the u rine

| 2 3 4 5,6 7
TIME ( Hours )

excretions of free ond ccety¡ sulfad!rniCir:i
ofter different routes of administratian

Rat 2 -Orol



Þo*

liunb e r .

I

2

a

4

5

6

.'1

Õ

I

Table 5 "4 "

i'/eight
/- r-rr "

aoq

oôE
ð 4.¿

.i¿iu

nA^

ÐÐ^

2,95

365

a<^

_ \,U

'lìì¡^ 
^f, \-\t

1 nrr a
J) ! V.' a !tt.' ó

--;"Il

I=61U

tô ô-l
LO a / |

o't<

I r) a\tr

14"03

ôl ôEa-r.o¿

îô aÍ
LJ " \,J

aa 1,

r¡^+ ñ-l

T)rup'" nc "

Ðq <a\a.a ø aV

a1 -lo
t, I 6 L.)

ôô -E/'a)" (¿

^- ^^,.) t â V J

.).) I OI,\ I 6 LlJ

\t 
^?

rlto.1-L

tÕ ô^

Ì'ia nn J(1?rC C{l r

Tir* ^ ^r'l cl-' a,/
tO

Total r:nE. /kg,

'rv I 6 uJ

^a- 
,t^

L1U/"UY

,a¿ ll

a(\/ I l
a,:)a 6 l"-l-

ñ^ô ^ñ( r\/U 6 VU

r)o O CIOrJ(JU é J/(,

,')') A2

ôñ- -Di1 a l "Õt)

ôôE -1¿Õ¿"(L

z"óa

Ào oA
AO O OLJ

56"ô6

.)o^_: U O JV

ôl oo:l -l- o (') -

ÕA îA

-- .11
ðlolL

40"00

Ð() 
^c).- U o \-/t)

51"67

Ào f E
- 1r)"IJ 1

{-l\,lean + stat:dard error

Effect of increasing the

oj" the meån.

close to 100me.

a Qe_l'i i- e !glçq*_q r¡-l!y_a

In ltoth cases ebout 55"/o of the dose was recovered in

the urirìe after 24 houi's"

The two dose levels were comnared usinp' a "t-test" on

the ratios free/toLal %

f 
- ^ 

ñôEñL - \-' " ,'(i(-) rl

from tables t = 2 " tli, ..t nrobsbilitv level of C " Cl .

Therefcre, the dif Íerence betr¡¡een the two meân vafues

of the retios free/totel ?á was attributed to chence,

ând there wes no si,qnificant differenc-e betleen the râtj-os

obta ined Ðt the tv"o tì.o se levels "
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lharmacokinetic Stud ies

c oqqeli_qgg_ ai_ryqle q _gI_a{trgtç t-tp.Ll q4, i, e

9!?L*y:s:I D. vs. I.V.
The drug was administered to srouDs of anirnals

ora1l.1r, I"Þ" and I.V., urine samnfes col]ected, and

the cumufative totals of free drug and metabolite in
the urine were nfotted against time , Figs " S. 2, S . B

and 5,"4" Alt three rnethods of dosage showed what seems

to be an initial, slow Ðeriod of excretion.
From the cumul-ative uriner;' data, logarithm of

rate of excretion versus time plots v/e're constructed
( Swintosky, 1957) 

"

The plots for all three routes showe.d an initial
rise followeC by a secondarv ]inear phrase, (lfig.s.S..S?

5.6 and 5"7). Such behaviour is exoected after oral
administration ancl is usually interpreted as an

initia.l absorntion phase followed by the elimination
of the drug, (Cumrninøs _et al, 1967)" After I.V" an

initial ohase similar to pn absorotion nhase is rnost

unusua] and cannot be exnlained readily, (Chiou p,nd

iìieeelman, 1969; Jusko and Levy, lgZO) . Ve,ry tittl_e
work has been done on nharmacokinetics of drugs

after I"r'. in,iection but,oenerally the kinetics are

sirnilar to I.V. administration, (Licl,{ahon, l-gZO),

To deter.mine if the elimination nhese in each



"D
I

ILâ 
IJ

l{um
b-g_r.

.I*å*-
t.3lr5

fiean #
oqql

I2J45
l,lean il
r*v*Iat-?t4s5
j'Íea-n # JaE

-ç-å5-"-*E
¿

rs!
K

rìæ
I

;"*0"158
0"129
o" 161
0,164

0"1?41,02

o,L52
0"193
o"2o3
0"227
O

-T
zL

0*f79j" 02

0",218
o"t3z
o"L76
0",t_56
0"168

0"170:*02

orcler rate

I

Þ
-.

\oI

ssnsta4-!s.-eþ!âigsqÊ
"sg*i¿

Ë
r+

arn%
qqel¿

qq_raLgÅ
ala*

o'563
o"51Þ

L
4"53r
0" 1+

89

o"487
o",522!"06

o'572
o".5&

5
o"7I2
a"556
o" 523

o,582!"03

O
 " 58/i

o,510
0,5I/4.
o"563
o"57/+

0"553!"02

ff i"lean I

O
.L¿

J,
0"086
0,069
o.079
0.080

0"092È
,02
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case (or.a1, I.V",I.t.) ere silrnilar, the slones of the

l-ater narts of the curves were calcu-l-pted and val-u-es

for the one comDa:rtnent rate constants obtained,

( ChaÞter'' 4, Section 4-l , Tsble 5 " 5. ) .

The one and twc comnartnent nodefs lloth in¡fv

thet renal excretion of drug is a first order Drocess.

This requires that rate of renaf excretion be Dro-

nortional to the btood concentration p.nci the rn¿ximal

urinary excretion rate shoufd occur at the ooint of

maximal bloocj level i. e. at a time immediately after

I.V. in,;ection. Such urinar¡r excretion curves har¡e

been ol¡tained with griseofu]vin ( ctriou and .ìiegelrnan,

1969) ancl ribofl-avin (,Tusko and Levy, 197C) . The

urinary excretion rate olot obtained here (fi-e"5.7)

C.oes not seem to have been ol:tained in any otl:Le r case

and experiments were condu.cted to deter:mine the

Dossible câuses o€ this unusual resul-t" Þ6ssible

ceuse:s may harre been the anesthetic, saturation of

any bindins sites, anC crystallisation of the

sulfadiinidine "

2) Blood Level ',i;ork,

The grenhs obtained fron the semi-logarithrnic

nl ots of the blood levels of drug versus tinie

indicated that the dru¿1 showed two coilp.artment

behaviour, Figs"5"B and 5.9"
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There \4¡es nothinp- in thre 'll cod lerrel- n-'l-ots to

exnle j n the in j-tial rise in the urinary e:¡cretion

rete detp after I.V. in.iection. This inclic¡ted tl-et

the unusual sffect mev be due to the e.-{cretorr¡ nro-

cesses for the dnrg and its metabo-l-ites"

From the biexnonential cllr\res ) estimates of the

constants r- pnd rñ can be made. Tabl-e 5,6 shor,vs the
,L /,

two corLDartment hybrid constant, xZ nnd the one com-

DÐrtnent elimination constant , I(.
,-lK NTS" T?

from urinarl/ data fron blood levels

^ 
t'laV o ¿r!U

r\ "ì a.)V ø LL)(t

L/"1-lO

0.156

C.]68

l,íeanx 0. 17C+C " 011

0,054

^ 
o-t rl

V6.1 fu

0 
" 
oô05

^ 
1alL/ o rL)a

a'lqo
L ø -LU J

al 1CA¿- n ô.la

l\,1eanx+ standard error of the meprn

t = 1.38

frorn tables, at Þ = C.05, t = 2"?1.

There is no significant difference between ,Z anci I{.

Tabl e 5"ô. CornÌrarison_o:Î rr_from bl-ood levels and K

from urinary excretion r:ate Cata, both after I.V"

This result confirms tirat the nost-ecuilibrium rate of
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dru,q decline in thre blood is nroportiorral to the drufl

concentration in thre blood,

3) Effect of Ênesthesia.

To test r¡,'hether the unusua-L effect observed with

the urinary excretion rete data after I.V. in,iection

was due to the anesthetic, the dose wâs administered

I"V. after the rat had recovered from the anesthesia"

In atl ra-us, the rate nlots were of a simi l-ar shane

to those obtaínecl with anesthetic, and the K values

d id not, diff er signif icantl-y, Fig " 5 " 10; Table 5 " 7 "

K hrs. -1 I( hrs'. -1

rvith anesthetic rryithout enesthetic
/-. ot ot, ò ¿ f U

n "tIt
VøLù-

0"176

0.156

0"168

Ì,,[eenx 0.170+0.014

a\ "t"ìo
\,.II(J

ô ,1 A

0"141

0.157+0, C29

*l,{ean+ stanclerd error of the mean,

t = 4"445

from tebles et Þ = 0.05, t .= 2"/,5

Thre r¡alues âre not significantl¡r diff erent.

Tabl-e 5"7. Values of K after T"V. in,iection with and

without anesthesia "

Tt was assumerl" therefore. that the anesthetic was
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nrobabl¡r not the cause of the unusual efJ"ect after

T.V. administration"

4) llffect of increasiqg and decr.easinq tile dose "

Sulfonamides Ðre bound to nlasna oroteins (Anton"

1960,1961) and have been knorun to crvste-Llise out in

the kidney (l\lelson, 1961b) " To cletermine whether the

initial slor¡¡ excretion rate observed after I "V"

adrninistration rvas due to thes'e eff ects, the dose rvas

increased and deci:eased to 3Orng'. and 7,Sr,ig, in C " 5m1"

ancl adminis-uerecL under anesthetic via a f emoral vein "

The rate clots were of a, sirniler shane to those

obtained with p.. 15mg" dose and the I( val-ues did not

differ significantl¡r, (Figs"5.11 and 5.12, Table 5"8) "

K hrs. -f K hrs, -1 Ìí hrs. -f

7.5m9. dose 15ms. dose 30m9" close

0.175

n lao

U " IÕ(',

o"197

I r"tQ

\-/ ô I(-, /-

0"176

o"156

A 1EE\r. t-JL)

^ 
arA

0,173

o,22õ

Ì,leanxO,173+0.013 0 " 171+O, Cl8 A "2C7 +O "C27

xi\,iean+ standard error of the mean

Analysis of variance was carried out on the thre-o

sets of val-ues.

Teble 5"8. K values for the l_,-þn,q_! lSmg, and 3Omp'"

doses administered I.\r.
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After acministra'uion of 'uhe 7"Sni", l5mE" ancl 3Ornp'"

closes I "V" , the excretion retes reached their na>rirna

af ter about 9O " 90 ¡nd ôO minutes resDectir¡el lz. It

couIC be assumed " theref ore, that the unusue-,l ef f ect

wes nroba'bl-,1r not due to satura.tiorr of bindi;"ls sites

in the nlasma or closel¡r essociated tissues ! -nor \/âs

it due to -uhe saturp-tion of excretorv Ðrocesses in

the kiCr-iey "

5) Effect of increesing the dose volume"

Because the so.lubil it¡¡ of sul fadimidine is low

ai- nh¡zsiolop'ica1 nii, there \Mas thre Dossibilitt¡ the

d-rug was cr;rstal I isin,e out af ter in.i ec t ron to p'ive à

denot ef ll-.c t " I-iower¡er , oo examininp: a mixture of

blood end â so-Lution of the drus under the micro-scoÐê-

no t-ecop'nisable cr-\¡stals of sulfadiniclrne could be

seen. To confj-r'n. this the dose r¡olrrme wâs inerepsed

threef old t o 1" 5¡ll. and aCriiinistered I " V" r.rnder

anesthetic, tria â fernorp-l vein" There I.^ias no ehanp'e

in the shane of the rate nlots, and the K v¡fr;es

obtained dio not oiffer siq'nificantl¡rJirorn those

ol¡teined r¡vhen the rroluile was only 0"5n1" (Iic..5.13,

Tabl-e 5.9")

That is, tite shaoe of l:he curve is nrol:ably rtot

Cue to the drug crystellisin." out in the bf ood.
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_-l
j'.- nl]s "

0,Sri:I " dcse vol-u-rne "

tJ ".4,1_Õ

ç;" I /O

c;,156

C.]68

i( hrs.-l
f_.5 nl . C, g¡1g._.¡qÞg_e,

^ 
-lQa

l/ 6 J- (rU

^ 
ÐD-]U o l,u!

0"08s

ô t-l É.

lrieanx 0.170 + 0"C14 0"179 + 0"033

+sll{e¡.n + standard ellror of -uhe mean"

t - 0"276

Fron tables, t - 2"3'7, at P = O"OS

Tab l-e 5 " 9 " T( r¡alues lor dose volunes of 0 " 5m1. ,cnd

l- "SmJ. after i.V-"__injection.

6) Tr¡¡o comoa,,rtment gl"ly"fe-of btood 1evels.

As can be seen from all semi-logarithmic nlots

of blood levels versus time, the drug shorved a two

comoartment t¡rne behaviour eremnlified bl¡ the bi-

ernonential cllrves, Figs" 5.14, 5"f5, 5.16" In eLl,

cåses the initi a] disl,ribution nhase was extremefl¡

ranid rn¡ith the nlots becornin.g linear aiter onl-¡ Ðbol::-'-

thirtr¡ minutes " For thr.s reason the b.l oocl sennlina

wâs eontinued for about ttt¡o hours " fn each case there

was littl-e or no netabol- j-te in the blood, indi-cetinp'

one of two rctjons;
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l) lletabo.tism mav occur in the kidner¡ '

2,) The el imination and/ or cliffusion corrstants of

the metabo.l-ite åre much lar,e'er than those of the free

clru,g and the metabofj-te is removed as ranidlt¡ as it

is formed"

The e_xoerimente,l _data was nrocesseci es mentioned

ini ehap,t,er,+r.Section"4:2, and the values are shoum in

Tabl-e 5.]C.

Tn plf but rat (?), kL2, the clifi?usion constant

into the tissue comnart.ment, wps about twice âs larse

as k^.. the ciiflusion constant out of the tissue
aL'

comoprtment " ühere seemed to be a trend towarci the

rpr;e constant for elirninetion increasing as the init-

ial nlasma concentration increased. ",1 was large

comnareci with ro, accounting f or the ranid clistribu-

tion chase.

The standard deviations of the genel'ated narâ-

meters pre large, 'but this is more nrobabl¡r due to

the scetter of the ernerimentp,l coints thran to a

clevietion from the rnodel " As Turco e! Ê1 ( 1966 )

noint out, exÐerirnental error is exhibited bl' scatter:

in data, such as obtained here, while deviations

from the modef ¡rive rise to consistent areas of Door

fit in certain oarts of the eroerimental curve"
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7 ) A c e_!yl c! I o_q_etÈ_8eryelyln! i_ eg

A dose o î 15mp' " / Inl " of the l{-4 ac et¡il suf f adi-
nicÌine wes adninistered I"V" to tl-ie rats while unde_r.

ether anesthesie.

0n ol.ottin.g the lopprithm of the rete 6f

excretion versus ti md. a straight line r\¡es obtained

(:f i,q.5 " 17 ) , showing' thet the level o i the metabolite

in the blood falls'exnonentiall¡r. This behaviour

of the metabolite, therefore, coulcl be exoleined in
one of two ways;

1) The Dassalre or' the nietabolite obevs e one

comnartment model.

2) The Dassege of the met,abolite obe¡rs a tlo
comnartment nodel-, but the initial distribtlt!-'¿e phase

is so raoid the-t it Coes not show on the pranhs,

a) Celcul¡tion_of ko lrom Urinary Excretion Data

afte.r_f .-Y. Il-iection q! the Free Dru¡".

Th"ere are th,ree acceirtecl methoos ar¡ailable for
the c¡lculation of k2ì

1) Iterative method of l.tetson (1ge f b)

2) 'ti),ete versus amount', method of Cunminqs et al
( 1e67 )

3) The "Te''minel .ìatio" method of cr:mnings et al-

( 1e67 )

The second method is besed on the ecuation;
:n.- 

- 
r- I I
Àr)rrrn

L/ L) _,_i

^+
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+,hpt i", the rat e o,l' e.-x.eret.ion ¡f th.e rne-i.al¡o1ite i_s

ci'onort.:Lonel to the rnetabolite level;
n.Ø

,n¡l¡ ^ - ^v\r:-J r-: ,.T) - \r/¡ ìf \

,.oot 
-'U "l T 't'u

As al readi¡ nen t.ioneci " there \^ras 1i-tt1e or no

netabolite rtresen.t i-n th e blood, In usi-n,ø thi,s

method it was assumed that the rnetebol-ite \^/âs removed

as ranidlv ps it rq¡as formed. I-lence, tnis indirect
method of calculatinn' i!1'- had to be used"

b ) _Y"l_u.o_= of L,_Kr *?4d Eo:,

These ìralues are ] j sted in Table 5 " 1.3,

-l -rlr hr-e. - oftcr- k hne -' rfter. r,.,_ uur krhrs.
in,jection in.i ec tion

, af ter

of nletal¡ol ite of free druE

in.iection

g.|_f¡e_e. dr.u-,q-.

, ô¿a
tr -.-) ÀOøIIA

0.719
0,7]0
o "629
U.OV/

0.715
i,.'ieanx

0 "090
0"062
0"086
0"068
0"07r

C " 694+_0 " 014 0 " 076+0.005 3.91f + l- .863

*I\,jean + standard error of tire meen.

Teb l e 5 " 13 " Cor,oari,son_ gji_Iqlggs qI r_, kf_t!C__Ez _

fron urinar-v excretion data"

The vafues of k, kl and k, were si,snificantl;i
d iff erent f rorn ee ch o ther "
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c ) llsa c_e tJl-a!iç_+_..

There wes å sir¡nifieant emount of deacet¡rl ation
in all the rats st,ud iecÌ " The lonp:er the cl¡,u,E remained

in the 'ooc¡r, the éireater the Dercentage of deacetyl ation
( tabte 5, 14. )

Tirne

in

^ 
/a

0"96
1 ta
-l oa

a^.\
ô ErJ " O\,]

4"00
I tn
=e=l

_Be_! 2

Free drug /o

TotaÌ <1rug.
3f ter in,j ection

of metabol ite

0"554
1" _-l 71

1"860
l^ô

¿ " rv.1
- llÕn

4"011
A AOq

7.361
O AOq
¿ o. ) J\t

11 " ô07

Time

in

ntD

1" 01
-l ot

¿.{i¿

Õ ô/l(]"OU

+"ó,1
q a?

Ð^+ A

Ifee Èqug 7á

Totaf drug.
after in,jection

of inetabolite "

a oot

1.05:r_
o .)-1 ô

^ ^-^.

/ o rJ-*/(J

Õô t 
^ 

AóÕ " 
¿+Õzi

o/a ô^-
r-U o Z'\Jö

Tp,ble 5.14. Percenta¡tes of deacetr¡l ation at various

!i+"_q_gft er_ inJ9_glloL of _!þç _ry-4 ac e tJ¡r su1€g.e*irtc_f+e

Ê: lgsrrg_lQQ?l_me lnq ql_L þ.
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ô-A) j\{etabolic stuclies "

1 ) !Þfq |ly_e¡,qhr-o_ng Iggra.?!y_ o,q_gllne_s.ann1 e s "

The rnain excretor;r oroducts of sulfedinidine in
the r¡t were founc to be the .free dru,o and its i'T-4

acetyl derivative " Two snots \Mere tentative-l -/

identifieC ,rs the \*-4 ,ølucuronide ancl lJ-4 sirlfemate,

but were minor metabolites" Acetylation of the

aromatic enino grouo is a common metabolic trans-
f ornation of su] fonamiCes andr the Ðercenta,:'e of acetvl-
ation obtained is sor¡erned b)¡ the Cru¡' and snecies

used" (P,ridges ancl 1¡/rllians, 1963: Bohni e_t _C.1, 1g69;

Br:'-c1ges e-u aÌ, 1969 " )

2) ¡rercenteges of ex_qrgleg_ Igoducts"-

The dose \^/as increased from 25np" to lOOng, and

tire 'f ' rralues f ound for each }errel. ( Tables 5 .3 and

5 " 4 " ) Tron the t-test oerf ormed, the cliff erence

betu¡een -uhe trn¡o 'f r value,s wps at,tr.ibuted to ch¡nce

end there was no si.lnificant difference between the ratios
ob-uained et the turo dose l-er¡els. Table 6.1 shows the

nean tralues of the free c1rug, rnd total Cru.g excreted

int,o the urin-^ after 24 hours ancl the tf I r¡afues

obtained et the two dose levels"
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r¡-^ ^]'A UU Totef
qglu Dr',qgr__giå:. !fgE-_g¿:- 'f '

25ms. ( 6) 'r 4 "462 IC "822 C "467

iìanp.,e 1.908-5 " 88 3. 21E-15 " 375 C,33?-0 " 532

ICCnP'.(9)x l4.3tg ÕE --n,- L) " z I I

Ranse 3.I?-?.2 "165 17 "34-54.625 C"?13-0.5ô7

x ff," ,.lr.U"" in brackets is the numlter of enimal-s

used in each exoeriment,

leFg_ 6 " 1._l,leen values. ol_ifeqlåqe- !o!al SfUg¡f_È

'f '_ p!lni_!e!_ e1îlel oral dosa.qe of 25me, and 100ng.

Drucker g! ql (1964) noted that the extent of

acetylation of nara amino benzoic acid (o.¿"3"4.)

decreased as the dose increased" Lev¡' (1965) noted

that the rate of con,-u¡ration of salic,yl-ic acid vr¡ith

glycine reached a maximum ås the dose of drug was

increased. f n each case the relative clecline in
netabofic efficienc¡¡ \ivas correle-ted rvith a saturation

of the drug nietabolic system at high drue concentra-

tions" The kinetics of the metabolic reaction

cha-np'ed from apnarent first order to zero order

beheviour with increasing dose, anal-o.qous to thre

enzt/me saturation in classica] l:iichasl is-ldenten

kinetics. If such a saturation occurs then f, the

fraction of drug excreted free, should increese r,vith

increasins dose, (Ìl:cl;ahon, f97C).
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After a four fold increase of dose * såturation

of the metebolic ancl excretor¡,r Drocesse* iar.rot rrirr,n'

thie dru,q is unlikel¡2"

ô-f) Þhrrrn¡cokinetic 3tudies "

r ) ! sg.? =ll r gg_o_l_!þe_ 19,49 e_ el_e_qqlqt qI reli oq .

a) After ell three forms of Cosape, the curnula-

tive nlots \^i ere siniilar. An annarent s-l-ow initial

excretion ohase (Fig"5.6) after I.V" dosa¡e wFS

surorisinp'since immeciate rîast excriltion from the

nore concentrated 'f .V" nool' woulci be exDected. The

rete nlots anneared to be the seme shaoe after each

method of administration, conr'irminp- the initial slow

excretion rate in the I.V" cese" (triøs. 5"5,5.6 end 5"7)

b) The initial slo¡¡¡ excretion rate måy be due to

renal inhibition, a direct result of the iniection

techni-cue" it was noted that when rabbits were

submitted to stress, there was a si¡.nificant decre¡se

in 'ol-cod ff ow to the kiclneys, re su-Ltinq in a decrease

in u.rine formation and flotn¡, (Rrod and Sirota, 1949).

It is conceivable thet ra-us unde.r a sinilar t¡zne of

stress, either anesthetic or restraint, will exDer-

ience a sirrifar decrease in blood flor,v, resulting in

the sl on¡ elicretion rate.

The chief nroblem with tÌ-re "råte method" is tha.t

it requires s6¡st^rhet rìore noints than the "sigma-
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ninus r'¡ethod " (?ratr gl tl. 195f ) beceuse u-ri nart¡ f l orn'¡

fluctuations ceuse greater deviaticns i-n a foo. rate

tha.n i-n a log. sigma minus n,l-ot"

The rate method,oeve consistent res,-rlts from

rat to rat" Therel"ore, it \4/es decided to use this

method rather than the "siqma-ininus nethod" or P,

combinetion ofl the tr,r¡o.

c) Ong_ç_qgpar!Ue--A! _rate conq.!fn!Ê itoryqllr.'r-g!y

eëc lellqq _{9_!_q_a

Calculated rate constants âre listed in Table 5'5"

The K valr.res from each form oj'<losap'e clid not clifl'er

sip'ni,f"icpnth¡, fn nost eases the r¡al ues of kt and l.g

p,re aboLrt the spme, that is, the sulf adirnidine is

about 50% acet¡¡ì-ateci " The K r¡alues' are obtainecl from

the secondarrr linear norti ons of the rate nf o.ts, r,vhen

sufficient time shou-ì-d harre nassed:flor an)/ absorntion

ailcl eouil-ibration nhases to h-o comnleted "

\iarious exneriments were attemntecl to find aì-l

ernlanation for the unusual initi:.1, slow excretiou

rate observed after f.V. in,iection"

2) Blood level work"

The ofots of the lo,tarithm of drug level in the

blocd versus time inciicateC that the drug folfowecl

two comnartnent behaviour, The biexnonentia] curves

obtained frorn blood level deta were similar to tirose
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exÐected frcn e tv¡o corrrÐprtnent morje-l . ( jìiegel r:nan g! g!

19ô8a). There was no rise or other discrecancv in the

blood level olots to account fcr the initial, slow

excret.i on rete into urine after I"V. in.jection" The

unusual effect could be clue to the excretory Ðroces-

ses of the free drug and its rnetabolites fron the

kidnel¡ 
"

a) Comnarison of K frorn urinary excretion data

flg-I2-l-r?ry ir l-gq Ll ^=tq1 " 
.

Tn the theory section it was sliou,n that a vaLue

of K coulil be obtainecl from the slone of the blood

1evel ol-ot" ff tlie data wêrê:. fitted to a two conoart-

rnent rnodel, rZ was obteined. The values of 1( and T2

were not significantly different even though the

former was obtained, from urinary excretion data"(tlanle 5"ô)

As can be seen frorn the rate plots (]¡i,.'s. 5,5,

5,6 and 5"7) and blood l-evel- nlots ('rip's.5"8 and

5"9), there \/as less variabilit¡i in the blood level

work than in the urinar¡,' excretion data" Viith the

techniques errnloyed constant r¡ofumes of blood could

be taken, whereÐs v¿ith urinar.v excretion work the

rats were not sedated, ancl as such were subjected to

a certe.in amount of stress, orovoked by the methorl of

urine samnlinp'. The stress led to urinary flow

variatione p..nd could fead to the same urinary



92

retention exnerienced by rabbits,(Rrod end Sirota,

I94A) " Tior¡-ver, sufficient numbers of urine sarnnles

were taken to enabfe the slones of the I inear nortion

to be f ound b¡r ree-ression enal¡rsis "

3) lirinprv ercretion clata wes studied in r¡¡rious

exnerirnents in en atterrnt to exn-Lain the initial slow

excretion rate p-.fter f .V. in,iection, In aÌl câses

the shanes of the rate nlots \Mere the seme and the K

val-ues were not sisnj-ficantly different. Table 6"2,

lists the exDeriments and conclusions.

Exoeriment Conclusion

a) Ðose administered Initial slor,v excretion rate

v¡ith anesthetic

b) Dose increased

and decreased

not due to ånesthetic*

Initial slow excretion rate

not due to s::lp¡ption

c ) Dose adninisterecl fnitial slor¡¡ excretion rate

in large dose volume not due to crlrstalÌisation

of sulfadimidine

Table 6,?" List of exÐeriments to exnl-ain initial

u l qt _gXC re !_!gq _qa t*e-,._qnQ_c onc lu s i on s,

r€This is in agreenent u¡ith .Anton (l-961), who found

that brief exÐosure to et,her did not alter the

distribution of sulfonamides in rats"

4) Two comoartment anafr¡sis of blood levels.

The absence of metabolite in the blood ney be
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expli:iined in several weys. h,letabolism may occur in

the kiclner¡ or in some other coäÐartrrent not clir-^ctl-r¡

connectei to thc centrel coi:rFrtmcnt, but directlv

connected to the e)<cretor'¡r comDertrnent. Senzi et al ,

( 1968) and I'i,?rtiala and -sr'ho ( 1965 ) har¡e noted that

the kidney is cenabl e of metal¡olising dru,qs.

Another exnlanation may be that the metabolite

was rernovecl es ranidly as it was formeci. Calculated

v¡¿lues oÊ ko were v ìry lerge comrareC iruith ko "¿'ó
Destronoufos and Sonnenberg (19ô7) stated that

acetyl sulfadimidine was activeÌy trensnorted

k iciney u¡herees sulf adimicline \4¡as not. If this

cF,se in vivo, a comoaratively l"arger arncunt of

metabolite woufd be renoved and the neer absence of

the metabol-ite in the blood would be exolained. To

confirm such e theor¡¡ woulcl necessitate thre sirnult-

eneous sanolinr" of blood and urine and with the nresent

techniques this was not Drectical.

The cornnuted values of the two conÐprtment

Ðårâneters are shor,r,n in Table 5.lC. The standard

deviations ere la-rqe l-.ut as cen be seen in Fig " ô.1 ,

there are no definite aress of Door fit.

5) Comnarison o-fl one and two conÐertrnent Dera-

meters 
"

Frorn one and two cornnartment models, the

tn
L--

i

vi tro
the

^ +}1^ù UJ!U
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Daråineters k- and k can be comnared to dete¡'minelÍ.

vrrhrether there is Êny rei:-tion ìretv¡een the t,wo,

Table 6..3.

From blood Ievel data;

l.l + ii, = "Z 
(1.)

and "?f = LA (2)

end k,.-, * k, = kel (3)

--zr l( .f = k.- (4)i'r¡u c.L u-

In no case Cici the ratio krlk- FÐrroech unity 
"

iìi-egelnan et al ( I 96Ba) have critic ised the one

comnart,ment rnode] ¡'rs not bei-ng comnÐ'uibl-e with

nhysiof o¡rical facts " If this is the cese, the r¡al-ue

of k- is misle¿dinp' and k shoul-d be used es å measureIM

of the metabo-l-ic ceÐacit.y.

From equatj-ons (1) and (3) , kl and k- are related

to rô and k-. resÐective-L;i" k-. is the el-iminetion¿ eL " e-L

rate constant for the two comnartment modef: nz

includes both Cistribution and elimination ancl is

referred to FS the "disnosition rate constant".

( iìie,refnan _et af , 1968a) . kor pnd TD ne-\' be related

bJt the equat ion;
1- r no ¡nr, r_oel - \'n' '' '?

^OtThe r:etio i"/i cal-culated r-^- on'ì 1' - penerallv
" "Ð .j ulJ-uu!lLcu LIull- t?_ c:ll.u ,tel

rÊn¡.'es f ron I .5-2.5 . fn -Lhis cpse , the values pre

hipher, ) 3.0, indicating that sulf adimidine C.istrib-

utes into the neripheraÌ comnrrtment to a l-arp':e de.gr-ee
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( lliege-l-nan 9_t *.q-l_, 196Ea . )

6) Volune cf clistr=ibution ¿:nd. clearance of -Qlql.
The r¡of une of distriì:ution, t/Ð, r¡¡âs f ound rron

¡ r-^ r.^ñ--,,.r - t^Õrrre r-or'r.iuL¡, Vn = j-ose/C;" '|he cfeerpnces of the dnutq

anci its r,etebol .tes ',^iere cal cul p-,ted 1r'oin th: fori::ulae,

( lilctl,îehon end 1'.ìeilly, 1971) "

-rec d-r'irg cferrÐnce C¡ = krr"Vn

6Cì

''"etabof ic clearence, C, = k".Vn

^4,

The vafues ere shor,r,n in Table 6"4"

Rie3'e.Lman et a1 ( 'l 96Bb) stated that the r,"olume

of distribution \\¡as a ne.rameter of the model used

and, l-herefore: changed with i t " The clearance is

also an indirect model oarameter anc'l is not, there-

fore, too reliabfe a neesure of the abilitv of the

eninal to ren.ove the drug from the nlasrna" iìon¡everr

Rigls (1963) nointed out that " the ma¡'nitude of the

rat.e constant (of reriloi¡a1 of the drug fron the

connartnent) clenends .s rnuch uDon the r¡olume of the

comÐrrtment as i L does on the ef f'ectivenes-q of the

Drocess of remotral-," Th,e clearance, therefore,

orobablv nroviäes a bett,er basi-s on which to conDere the

retes of netabo Lisn of relate<l drugs in t.he seme

sÐecies " (i,'lcllahol-l and O'ReitÌv, 1971)
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7 ) lic et.¡l ati ql_ru,f_g€ec e,tt¡lat ion*

After I.V. in,-ection of the metabolite, 
"'l-4

ec et-vl suf f adimidine , a olo t of lo¡:arithrn of the rate

of excretion versus time qr.ve å strpilht line " That

is, tl^re Dassâge of the rcetabolite obel¡s a one con-

nartment model or it ober¡s D two comnartment moCel,

but the initial absorÖtion and clistribution nhases

are so raoid that they do not aÐDear on the oraohs"

The v¡lues of k" kt pnd kZ pre si'"nific¡ntlv

diff erent, indicat j-n¡r that they mav reoresent three

different stens leading'to the excretion of the

rnetabolite into the urine " 
('l¡t-'te 5 ' 13. )

Krebs (1947 ) and Smith and lVilliams (1948)

hynothesised that the amount of acetyl metabolite

excreted denended on the relative activities of the

acetylating ano deacetylating s¡rstems; generally the

-rîormer is more ef.flicient. It was shoun that deacet¡il-

ation does occur to a significant extent in rats when

N-4 acetlrl sulfedirnidine was administered. ( Table 5 " f4" )

Urinar¡r excretion data has been used to study

the nharmacokinetics of sulfadimidine in the ret.

After I.V. administration, the initial excretion

rate w.s surnrisinql-y for,v ancl various exÌleriments

v,rere carried out to deternine the c.use. Uater was

a,clninistered to e ,qrouÐ of rats everv hour for four
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hours before in.iection to maint¿in a more constant

urine f1ow, ancì othe¡'exneriments i-nöicated that the

unusual effect wâs not due to saturation, enesthesia

or cr-\rstallisation. The exÐeriments did not cJiscount

the Ðossibility of the effect j¡eing due to a con'oina-

tion of the al¡ove "

Rf ood level clata ind ic a ted a two c omnartment

model but did not give an\/ exnl-anation of the unusuaf

sl-ow initial excretion rate Eiven b¡¿ urinarv excretion

clata after I"\¡, in.;ection, 1lhe -Letter method \/Ês

used more often bec¡use of the eâse of the technioues

ernnlo;red "
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6-C) Sinulati-ons.

As shown in Chalter tl, Section ,r.4, a lwo

coirnartnen',- rnodel with absorntion ,gave a inethena'uical-

solution with three exÐonential terms for the anount of

dru¡ e>.creted into the urine" The simulati-ons were

under*uaken to det.errnine the accurac-/ of Daråmeters

estimateci Eraohicalì-¡i frori. triexconential curves,

Artificial ciata v,rere senerated accordi-np' to eqUâti on

45, Chaoter 4, Section 4.4, using selected vplues of ko:

which were assuned to hr¡ve sufficient scoÐe to inc,Lude

noted r,'afu-es ofl :'bsorotion rat:s of sulf onarnides "

(t,'oizumi et al, L964a; Turco et Ð1, f 96ô. ) Values of

kl2, i.zl and Ln were ranCon selections . ( Tebr e 6 " 5a,

Assi,nned \rafues. ) The artificial data \/ere anal-r's-od

granhically using rate nlots" (nig"ô"5" )*'-----'Fr-X

C

J og rate of
+-; ^,.ç?,Ut U UIV]I

CH
M

^^-r- /D e.\orrE._1\ / øuVOå

l.o,>e=rr,/2"3C3

/o .>^Ð
/ (' 6 t)V\)

tine units

Fig"ô"5" Thecretical log" rate

ooi-nt of tÍ:e tine of col,lection

orirnarr¡ cu-rve
secondary curve
tertirr¡/ curve

s1

of excretion versus mid-

" rn tì'lis câse, "ù")tu,
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A .st i'ai.-i't- .l i-ne w. s .Jra¡¡n-i thr"ori¡Ìi tlie I:st fevr¡ noints

ln,i e>rtend eC to the co-ord inate axi,q. The las-u -re\t¡

noints vvere assumed, to rerlre.rent the "sl-ot¡i¡est ternl"

in this case the ebsorntion of the drug, and its

coe îf icent ancì ¡:àte constant found frorr the interceDt

and slope of the strai,qht line"(.Rígg",1963) Vafues

of the last term for each of the earlier ]¡.rin,q above

the obsen¡ed line can be read from thre strai,ç"ht lineo

These vÐl-ues minus the observed rate val u,-os .o.ave a

series of di.fferences which gpve the seconder-rr cllr\re

v¡hen nlotted on senilop" DaÐer",'BJ¡'.r'ei;eati-n- thi-s

D:rocedure the tertiarli eur\re was obtaineci " (ni-,q.É"s,:l-963)

The cumulatr'-ve data from ¡,1'hieh the rate nl-ot in

Fi.p"6"5" was derir¡ed, ean be reÐresented b,r¡ th-. ecu-rrti cn:

r-),, = À(L 
"-"lt) 

+ -,(1 
"-"2t; 

* C(t u-k"t¡ (6"r)
tl

whrere ko.ku.]lo(kZf "t)A - -*-- (6"2,)
r.,(k" r_r)(r, "t)

(6"3)

(6"4)

fn the eåse of -¡is"6"5", k- was the smallest

constant input and was found from the orimar'l¡ curve.

B¡.r the method of residuals, the secondary cur\re was

generated. " The"orimar¡¡" sl-oÐe of this euilve ,qave "2,
the second srnallest constant " Apain bv the method of
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residual-s on the sec ondar_rz curve , the tertierl¡ cr-lr\¡e

was ,generâted " The sf one of the ter-uiar¡r cur.ve ,p'ave

r* the 1¡rEest constant. As sholvn in iri,q,6"5., theI'

intercents of the stral,.ht iines ,qeve A,R and C"

Ass-i sned ancl sraohic¿llv estirna.ted values of

r. , r- and k_ are shornrn in Tables 6 " 6a ancl ô.6b. As canr-ö

be seen frorn llables 6 " 6a and 6.6b, the estimates of 11

were subject to great error. Reesonabfe estimates of

Ì< anC, ro were obtatned, It wes honed to submit this

data to comnutational analvsis using r ¡p{J}iC subroutine

incorrorating eouation (,6"1)" TJor.vever, such å sub-

routine r¡¡ould not accura.telv fit the data"

Val-ues of k" anC kr,I were calculated from

eeuations (6"5) and (6.6) rn¡hich were derived from

eouations (6"2) end (6"4) 
"

'ì-
(ro - k-)

a,a
Ar-, (k- - rr )(rr-r., ) -,

.IC!aL\I

- 

)-ô'"D
o

ktDo

+kkae (6"6)

br¡ substitutinq values of
(o. /) "

(r'.,-<^)
1td

(6.s)

D\t'-2r

The

v"2,1 '

c ons t ant

k end

A

k. ^ was found

r^into eouetion/.'e

=,2,

Equation (6.7 ) rn'es <lerived frorn the eouation for r-

,senereted in'Q,hapter,-4,, SecþLon. 4,4"

(1- ¡1- ¡l-t *r2-^21-- \o. /J
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Table
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ô " 6a " Assip'ned. va'l ues o: ll.râmeters 
"
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l^t
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Ê
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Table 6"6b. îranhicel estimetes ofl r-)erameters.

Sinufation
"l

..*Lli< un.l_l,s *
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¿

4
Ã

6,
o
O

L/ " 
¿iÕ

l_"s0
1,01
^o.)\_./ o (J á.
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1.) ,ALLèll
a 1Á
LèLa
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lranhical- estin¡t:s of ì<r, kIZ, k?l pnd 1." erc

listed irr Table 6 " 5b " The er:rors in l.lo, kZt and. l<"

ref lect the errors in the granhical- esti mat,es of 11"

The grenhical estimates of the o¿rameters 1^lere

used p,s inout for a con-Louterprogran ruhich incornoratecl

eouation 45, Chanter 4 j Section 4"4", i. the surbroutine

D]¡il\lc (D \.res nade enual- to 1C0 units rior this orop'ran) ""'o
l3¡r usine this Ðrocedure it \/es honeci to ,qenerate

coinputed values ecual to the original r¡alues of the

Dårameters" (Cornnuted vafues + the standard der¡iations

are sho,¡¡n in Tabl s ô " 5c . )

The stanclard deviations of the Darameters \Mere

small exceot in sinulatioa set 6. The original noints

anC. comnuter clrrve corresoonding to simu.l-ation':et 6

are showr in Fig"6"3" The Door estimates of the

naraneters and large standard cleviations are reffected

in the cleviation of the orisinal ooints from the

comnuter curve "

Iig"6"2 shows the orisinal noints and comouter

curve corresnondins t,o sirnulation set B" liere, the

accurecy of the oarameter estimates and the small

standerd deviations âre refl-ected in thie lack of

deviation.

The comouter DroÊram usec, ennlor¡s an iterative

technioue and twenty i'uerations are recomnelrd,ed es

suff ic ient f or reasonabl¡r accure,te estimations " In the
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Plot of cr.rr,'Jl ative ¡rncunts of cirr:g excreted into
*uhe urjne vers\rs time. Sinul ation 4.
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abo\¡e ceses. uÐto sixty iterations weue useo "

fn si.mul-ation sets f , 2, ,?, 5 ancl 7 on_Lr¡

reasonabl-e esti.mates of the ori,riinat Ð&rÐnreter. :values

u¡ere obtained "

In simuf at j_on set 4, -uhe comnut,er has not

drestically changed the innu'r values of the nar¡meters"

the standard deviations are ertreme-l-v snall and there

is no d eviation betr¡¿een the original noints ( ernerimentel_

noints) anC the comnuter curve"(¡':,q"6"4") The comnuted

oaremeters are, howeverr Erossl¡r inaccurate. In such

.? case, v,rith exnerirn-on-uA.l- Cat¡ these resu l t,s would be

accentable in the,t \¡orÌ{ers would not knou¡ the L:eal

values of t,he Dararneters. Also, ur-orkers tend to har¡e

faitii in their comnuter Droqrens ancl onl-/ a l_l ow a

lirr:ited number of iterations " This a,.'ai_n eould _Leed

+6 -ross inpceu-rPcies.

Chi ou encl iìi-eq'e1man( 1969) and .Tusko and Ler¡r¡( lgTO)

stated that the constants r., : " p, end k". cou,ì_cl be

obtainei froni exoeriinental data; as in Fig"o.5" The

results cast some cioubt on the accurå.cy of the.Ðerameters

oì¡teined froin exoerimental curr.¡es of a triexoonential
nature "
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eþpler 7_.

lrlmm?r.,\lj,_

The roet,abolism p-nd oharnacokinetics of sulfa-

oiriidine and tire effects of various r'ou.tes o i

ac.irinistration have been studiecl in the rat. A1:l roirt-.es

p'åve sinrlar I( rral-ues from urinary ercretion r¡te C,ata 
"

An unusua-I, inj-ti.al slon¡ excretion re.,te wes noted" ef ter

I"V" injection a:ro sc .¡ari ous exneriments were

attempted to discor¡er the cÐ.r-ls-ô, yiz;

:L) ?he dose \/es increased and clecreased to 3,Cn.ø"

and 7 .5ng" ; shot"¡l'-nf]' thai, thef e \,1¡âs l'Ìo aÐÐs::eLlt

satu-¡'ation oii bindinp' sites "

2,) l'he dose wâs aCrninisterecj in e larger dose

volume ; shovring thet th ere lvas no crystall isati-on

of the drug in the bl-ood, (The close was also adninistered

after rîour hours of water loading to increase ciuresis;

shor,ving that there was no a.oparent cr¡rstall-isation of

the Crug in the icioney")

The dose was adminrstered t¡ithout anesthetic:

shor.r''ins the e'if ect was not due to the anestheti-c .

The blood level data qa\re no incication of the

câu,se of the initial sf ow excretion ::ate after f . V.

-i ^ -i ^^ + .i ^'n oh eSe data af SO ShO,.lted th at thef e WAS \¡elt\¡L',r. , '::çu\-

]i-ttle metabol ite in the bl ood encL thet the drLl."

obe.¡ed p tvro eo¡nnÊrtment onen inodel "

The Cata were fj-tt-od usin..' the "}dOìJLIN'r nro.orem

anC th,e f l,lii 3ôC/65 di-si t¡1 c onnuter 
"
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