THE PHARMACCKINETICS OF SULFADIMIDINE IN THE RAT.
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The metabolism of sulfadimidine was studied in the
rat. The main excretory nroducts were found to be the
free drug and the N-4 acetyl derivative. The N-4
glucuronide and the N-4 sulfesmste were assumed to be
minor metabolic nroducts.

The rates of excretion of the totsl drug were

al

Tound to follow a similar pattern efter oral, I.V. and.

I.P. administrations. The rate plots after 211 three routes

showed an initial rise followed by a secondarv linear
phese. After I.V. injection an initial nhase similer to
an absorption phase is most unusual and several
experiments were conducted to determine the cause. It
was found that there was:

1) No anparent satu:ation of binding sites or

“eXcretion nrocesses.

2) No crystallisstion of drug after injection.

3) No effect due to anesthetilc.

4) No exnlanation indicated by blood levels of

the drug.

The blood level date wes fitted to a two

compartment onen model using the "NONLIM" nrogran

sand a 360/65 IR digital comnuter.
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Symbols used in text.
A11 k velues sre sonerent first order rate constsents
with units of recinrocsl hours.

Two comnartment model.

k12 - from central comnertment to nerinheral
comnartment.

k21 - from nerivheral compartment to central
comnartment.

kel - eliminetion from centrel compartment into urine

km - elimination of metabolite from central

compartment #nto urine.
k - elimination of free drug from centrel
comnartment into urine.
- amount of drug in perivnheral comnsrtment,
- amount of drup in central comnsrtment.

D
D
D - amount of drus in urine.
D

- amount of drug administered.

Two comnartment model with absorntion.

Symbols are the same as above with;

N

L, ~— amount of drug in the gastro-intestinal tract.

ka - gbsorption of the administered drug into the
central comnartment.

k ~ elimination from centrsl compartment into urine.



factor, ¥ :M2§ii _____ = EE
P+ Dk
\ U e
DU - smount of free drus excreted at infinite time.
MU - amount of metabolite excreted =t infinite

time.

One compartment model.

Symbols sre the same &s above with;
M. =~ amount of metabolite in the blood.
il - amount of metaebolite in thé urine.
k - rete constant for metabolism of the drug.
k, - rate constent for excretion of the metabolite.

al
]

k - rate constant for excretion of the free darug.

Fa R = k = g
factor, Kq 9 *_DU
21 %%+ D2
kl SS K lU DU
and K = kl + kB

o~

k - rate constant for excretion of the metabolite

after injection of the metabolite.
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Chaopter 2.

Introduction.

2-4) Metebolism and excretion of sulfonsmides.

When sulfonemlides sre administered to animels, a
number of metabolites mey be detected in the urine and
tissues (Bridges end Williems, 1963, 1962, 1968). The
metabolites include N-1 =2nd M-4 clucuronides, N-4 escetyl
end N-4 sulfate derivatives.(Fig. 2.1)., The free drug is

also found in the tissues (including blood) and urine.

ATT

. \JQB
Say
CH,

SO SO, =N TE-R ...
e 2 : sulfadimidine

sulfanilamide

Fig. 2.1. Cenerelised Sulfonamide.

The esmounts of free drug snd each metabolite
excreted denend on menv factors including snecies, dose
and the drug administered. Bray et al (1951) stated,
" There are sevefal nathweys avallable for metabolism
and while 1t 1s to be expected thet all nossible resctions
willoocceur simultsneously, the pronortions of the dose
which ectually follow the various routes differ greatly."
factors as the efficiency of the necessary enzyme

svstems, the avaitability of the conjugsting molecules




I
N
i

(e.r. ~lucuronic ecid) esnd the aveilebility of free

enerev Tor synthetic resctions, cen contribute to these
iifferences. Teken together, tro above determine. the
velocity of each individual resction in the intact

animal, which in turn determines the smount of metabolite.

1) Metebolism of sulfonsmides.

2) Site of metabolism.

The site of metabolism of sulfonamides mey vary
from smecies to spnecies.

Table 2.1 Acetylastion of sulfanilemide bv

various tissues in the rat (Hartials and Terho, 1965)

Tissue. Percentage of sulfanilemide

acetvlated.

Control C.0
Liver 22.8
Stomach 10.0
Duodenum 26.0
Ileum 14.9
Kidney 31.6
Skeletel lluscle 0.0

Fartiels and Terho (1965) investigated the
ability of isoleted orgens to detoxicate sulfanilamide.,
Small pieces of isolasted orgsns were incubsted in a
modified Krebs-Ringer solution with the sulfenilamide.

Teble 2.1 indicetes the nercentape of the added
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sulfenilamide converted to the acetyvl derivative by
the tissues of the rat.

Although conducted in vitro , the results
indicate that the various tissues in the rat have
the ability to acetvlate sulfanilamide.

Svkes (1944 ) studied the agbility of various
tissues of different snecies to carry out the
metabolism of sulfedimidine. On addition of the
compound to liver slices from rats and guinea nigs,
the acetvlation never exceéded 10 % , whereas 60 %
of the added sulfadimidine was acetyvlated in sliced
or minced pipgeon liver.

Mlucuronides of sulfonamides are often
assumed to be formed non - enzymatically to a small
extent in the kidney and urine ( Uno et al , 1967
Bridges and Williams , 1263.) When glucuronides are
the major metabolites , a synthesising system is
involved . This system is nresent in the kidnev , the
skin , the liver , and the gestro - intestinal tract
of the dog , the rabbit , and the rat. (Rovland and
Booth , 1962, )

Benzi et 21,(1968) studied the metabolic ability
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of isolated perfused kidneys in situ of dogs and
monkeys. The kidneys of both animals were capable
of demethylating and acetyleting aminopyrine and 2lso
of conjugating oxazepam with glucuronide. The
compounds and their metabolites were present in the
excreted urine and in the renal tissues.

Govier (1963) found thet the main site of
acetyletion of sulfanilamide and para amino bengzoic
acid (PABA) in the rabbit, was the liver. The
acetyletion occurred in the reticulo-endothelial
cells. The lung and snleen also contain a high
percentage of reticulo-endothelial cells and are
capable of acetylating PABA and sulfanilamide.

(b) Amounts of Metebolites.

The percentages of the various metsbolites and
free drug elso vary with different species and drug.
Sykes (1944) noted that on administration of sulfad-
imidine to man, about 90% of the dose was excreted
in the conjugated form. On the other hend, only 50%
of the dose was excreted in the conjugated form when
the drug was administered to pigeons.

Cilligan and Beck (1945) noted the variability
in the extent to which sulfonamide drugs are metabo-

lised in men. Sulfadiazine and sulfathiazole are




acetyleted to & lesser ewtent than sulfedimidine.
Clucuronideted sul”onamides were formed in some
instances in vivo, varying from 5% with sulfathiszole
to 68% with sulfedimidine.

Selvi end Plencher (1964) comﬁared the metabolic
Tfate of such lone actinge drugs es sulfavphenszole and
sulfedimethoxine with sulfadimidine. Both showed high
percentages of glucuronide comnared with sulfedimidine.
After administration, at least four excretory products
were recognised i.e. the free drug, end the acetvl,
sulfete, and glucuronide derivatives.

Bohni et a2l (1969) studied the metsbolism of
sulformethoxine in both enimals and man. In men, four
deys after the administration of 1.0 Zm. of sulfdr-
methoxine, the totel sulfonamide in the urine consisted
of spproximstely two-thirds inactive sascetylated
substence and snnroximately one-third non-acetyvlsted
substance. 37% of the latter (6r 18.5% of the total
sulfonamide) consisted of inactive glucuronide.

Verious workers have listed metsbolites of menv
sulfonamide drugs. Uno et al (1987) administered
sulfaedimethoxine to rabbit end man and obteined the

following results (Teble 2.2.)




-8 -

Teble 2.2. Percentages of metebolites found in

urine after administration of sulfadimethoxine

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

lietebolite Man % Rabbit %
Free drug 4.9 22.9
N-4 scetyl 17.1 05.1
N-1 glucuronide 77.1 8.9
N-4 glucuronide 0.9 12.8

The existence of the N-4 glucuronide in humens
was doubted because the figure quoted lies within the
range of error, and the compound is very unstable.
Bridges and Williams (1962) studied the metabolism
of sulfasomizole (Table 2.3).

Table 2.3. Percentages of metabolites found in

urine after administretion of sulfasomizole to

various enimels. (Bridges and Williams, 1963).

Metabolite Rebbit % Ret% Dog % Man %
Free drug 26.9 68.1 90.2 61.8
N-4 acetyl 68.3 29.0 0.C 36.8
N-4 glucuronide 1.1 1.5 1.4 C.7
-4 sulfete 0.0 1.4 3.9 C.1
Oxidation product 2.2 0.0 4,2 C.0

The results suggested that N-glucuronides may be

formed in vivo non-engzymetically and if they occurred

in urine, they could be artifacts.
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Bridees end Williems (1986) sfter administration
of sulfedimethoxine to rats, found the ma’or metabolite
to be the N-4 acetvl derivative with only small
amounts of N-1 glucuronide.

The free drug, N-4 acetyl end the N-1 glucuronide
were found 1in humen urine after administration of
sulfamethomidine (Ueds et 2l, 1968). The N-4 acetyl

and fres sulfemethomidine were found in the urine of

rabbits end rats (DiCarlo et al

, 1962)

2) Acetvlation and descetvlstion.

Descetyvlation also occurs to varvings extents in
different species. With men after sdministrstion of the
acetvl derivative only 1% sanneared in the urine es
free sulfadimidine whereas with nigeon 40% of the free
drug was recovered after acetyl derivative was
administered (Svkes, 1944)

Krebs et 21(1947) found;

a) Rat liver extracts were able to hvdrolyse
N-4 2cetvl and other =2cvl derivatives.

b) scetanilide was hvdrolvsed bv rat liver and
kidnev extrascts.

c) ecetanilide and phenacetin were deacetylated
by the intect rata‘

d) in men and rabbit, con’ugetiion anneesred to

nd

D

,.

proceed as long as free sulfadimidine was present
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the scetyvl derivetive wes not siepnificently hvdrolvsecd.
It was concluded that the relative amounts of free and
acetylated sulfonamides were déoendent on the relative
activities of the acetylating end deacetvlating
svstems. The results of Smith and Willisms (1949)
confirmed Krebs' work.

2) Sulfonesmide excretion and correlation of

in vivo and in vitro nronerties.

Sulfonamides are exqreted by the kidnev by a
combination of three processes, glomerular filtration,
secretion and tubular reabsorntion. A wide veriety of
orgenic acids are secreted by the pars-amino hinnurete
mechanism which can be blocked by ilodopyracet. Arita
excretion of sulfenilamide (DKa = 10.5) and sulf-
isoxezole (DKa = 5.1 ) from rebbits. Sulfisoxazole
was actively secreted whereas sulfanilamide was not.
More sulfanilamide than sulfisoxazole was filtered
through the glomerulus. Reabsorption occurred
with both compounds but slichtly more sulfisoxazole
was reabsorbed when the active secretion mechanism
was blocked. When the urine was made alkaline,
sulfenilamide weas un—-ionised end the resbsorption
was the same. Sulfisoxazole, at4an alkaline nH,

1s ionised and the tubuler resbsorntion
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decreases below the normal level. This mav suggest

2 non-ionic diffusion process for the reabsorption

of sulfanilamide but does not elucidate the reabsorn-
tion process for sulfisoxazole.

Despovoulos and Callshan (1962) assumed the
secretion to reguire a nhysicochemical interaction
between the substrate and a postulated intracellular
receptor moiecule° The substrate specificity in
this transport’system depended on the nresence of the
intramolecular sequence, SOZN', in the sulfonamide.
The reactivity of this group required ionisation at
the nitrogen, localization of the net charge at the
nitrogen, and electro-negativity at each oxygen
sufficient for the formation of hydrogen bonds.

Poulsen (1959) studied the renal clearance of
sulfadimidine and sulfathiszole in cows. The former
was cleared by a combination of filiration, secretion
and reabsorption, whereas the latter was cleared only
by filtration end secretion.

Rieder (1962) worked with five sulfonamides in
man and rabbits. The renal excretion rate wes
related to the diffusibility of the sulfonamides from
agueous to lipid solvent. There was no correlation
between the extent of orotein binding and elimination

rate. These results were confirmed in rats (Yamazeki




et al, 1968).

Yemazaki et 2l (1968) edministered a series of
sulfoneamices to rats. In alkaline urine those sulf-
onamlides with a low pK,_ were more ionised and exhib-
ited fast excretion rates. These findings were 1in
agreement with those of Arita et al (1969) in that
the reebsorntion 1s & non-ionic process.

Reiss (1963) stated that colorimetric determina-
tions of blood levels did not differentiate between
free sulfonamide and that bound to proteins or between
ionised and un-ionised forms. There could slso be
binding of the ionised forms to proteins. Since it
appears that only free anions of sulfonamides sare
active against bacteria (Bell and Roblin, 1942), Reiss
attemnted to correlate physical oroperties such as
DKa, formation of complexes with bovine serum slbumin
enc¢ distribution coefficient between buffer end chlor-
oform, with known antibacterial vronerties. A three
dimensional diagram was plotted ancd the coordinates
(x,y and z respectively) were solubility in chloro-
form, solubility in pH 7.4 buffer, snd concentrations
of the sulfonamides which vield 10™% moles/1litre
concentrations of free snions in 3% bovine serum
albumin solution. With this diegram the pharmacolo-

gical properties of the sulfonamides could be predicted
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with some accuracy, e.g. (2) eliminetion is slower
the nesrer the sulfonamide approaches the xz plene,
(b) 1t 1is increased as the sulfonamide anproaches the
vz plene, (c) the pharmacologicel activity increases
as the position of the sulfonamide anproaches the xv
plane,

Austin (1967) concluded that the distribution
phase was primarily a passive factor which denended
on the Pk, value of a given sulfonemide, and the pH
value of the fluids involved. The un-ionised Lipnid
soluble fraction is the fresction transported across
cell membranes or from one fluid to another.

4) Sulfonemides and protein binding.

Many protein binding experiments with sulfonamides
have been compnlicated by the fact that workers cons-
idered binding canacity in one snecies and attempted
to extravolate these results to other species. Anton
and Boyle (1964) considered the alteration of acetyl-—
ation of sulfonamides due to vrotein binding by using
a 3% bovine serum elbumin to evaluate the vercentage
acetylation of pigeon liver extracts. Anton (1960,
1961) found that the bound frasction of sulfonamide in
rat's blood was devoid of antibecterial activity.

The bound fraction could be displeced and the net

effect of the displacement was a drop in plasma
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concentration of totel drug and an increase 1n the
unbound fresction. This resulted in an increased
concentration of sulfonamide (unbound) in tissue,
meinly muscle.

5) Sulfadimidine - metabolism and excretion

for this work.

Sulfedimidine could undergo seversl metabolic
steps but acetylation was assumed to be the main one.
Renorts of other sulfonamides in different snecies
indicete that sulfadimidine is protein bound in the
rat (Witzgall and Bovens, 1964; Toth et al, 1961;
Scholtan, 1964; end Toth et al, 1964). Yesmazeki et =1,
(1968) in a series of sulfonemides found there was no
correlation between the excretion rate and nrotein
binding in rets. In this work, therefore, the nrotein
bincding was not taken into consideration. Sulfadimidine
hes a pK_ velue of 7.37 and 1s assumed to be excreted

Y

by glomeruler filtration and active secretion, with

o

e minimum of tubuler reabsorntion (Arita et 21, 1969)
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2=R) Pherrmecokinetics and Modelling.

1) Theorv of lModelling,

The kinetics of biological systems invelving
enzymetic resctions, diffusion and flow across mem-
branes are comnlex. To simnlify biclogical systems,
models ere derived which mayv or mayv not be aopronriate
but simnlify the nroblem, (Rescigno and Sesre, 19268).
Pharmacokinetics is the study of the kinetic processes
involved in the sbsorntion, distribution, and elimins-—
tion of drugs.

Nooney (1966)‘stated that the model was derived
indirectly from the biological system by way of on
intermediate abstraction from the real situation.
Basically the ebstraction involves the recognition of
the governing festures of the svstem and the formula-~
tion of their essential interreletionshins. The model
is, therefore, limited by the abstresction and can only
deel with the terms derived. There are three main
reasons for converting to a formal methematical model;-

1) lMathematics offers a concise notstion for
quantitatiﬁe matters., This is suited to nrecise
ex@ressiona

2) Inclusiveness and generality - the brevity of
methematics nermits simulteneous considerestion of =

broad errev of variables and their relstions.
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3) There is 2 lerge body of existing msthematical
formalism i,e, there is 2 vast collection of theorems
and methods comprising mathematics which can be snnlied.

Pharmacokinetic models are virtuslly 211 comnosed
of five basic types of unit nrocesses (Warner, 1968).

a) the conversion of a chemical snecies to
another chemical spnecies by an enzymatic or hydrolytic
reaction catalysed by a chemical constituent of the
body.

b) transfer of a species across a berrier or
membrane where the volume of a compartment on one
side of the barrier may be ignored.

c) transfer of a snecies across s barrier or
membrane where the volumes of the compartments on
both sides of the membrane must be considered.

d) transfer of a species from inside the body to
the urine, sweat or expired air, all of which are
considered to be outside the body.

e) a system comnosed of free, or non-nrotein
bound snecies and the corresnonding nrotein bound
species.

Riegelman &t 21 (1968) went on to describe the
body in more detail with resnect to pharmacokinetic
modelling. Compounds or species are distributed

through the body by the blood end vascular svstem.
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(Kety et 2l, 1951). A model of this system renresents
drug distribution end eliminetion and consists of a cen-
tral compartment with interchanging connections with
one or more peripheral compartments, that is, s
memillary model (Shevherd, 1962).

Blood i1s the major constituent of the central
compartment and the rate of untake by the tissues is
controlled by various forces i.e.

1) rate of blood flow through the tissues,

2) mass of the tissues,

3) pmertition characteristics between the plasma
and tissues. The interrelationshins of these forces
is described by Fick's Law of Diffusion, (Kety, 1951).
Blood flows can vary from 500ml. to 2ml. per 100ml.
of tissue and the partition characteristics are
dependent on nH, linid solubity and complexation with
proteins and nucleic acids. These factors all render
very difficult the assignment of physiological mesning
to a compartment. Price (1960), working with anesth-~
etics, defined four groups of tissues according to
the degree of perfusion of the blood and nartition
coefficients between lipid and water:

1) a highly perfused, lean tissue groun €sfo
heart, lung, liver, kidney etc.

2) poorly perfused, lean tissue group e.g. muscle
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end skin tissue.

3) fat group e.g. adinose tissue, including bone
Marrow.

4) negligible perfused tissue groun, e.g. bone,
teeth, ligfement, - can be ignored excent for comnounds
which concentrate therein, e.g. calcium in bone.

Group one 1s considered to be part of the central
compariment,

The experimental date is fitted ¢6 the simplest
model that is relevant to the study. Then, the model
must be increased in complexity until the correct
"fit" is obtained. (When the difference between the
theoretical and experimental curves is a minimum, the
"fit" is considered correct.) Nelson 1196150,however,
stated that with increesing complexity in the chosen
model, increasingly more comnlex mathemstical expres-—
sions result from integrastion of the differentisl
equations describing the rate of transfer or modific-
ations of the drug. The constants in the mathemstical
expressions must be evalusted from the exverimental
data. Since the mathematical exoressions have no
power of discrimination in themselves, the fact that
the expression, with constents evalueted, does Tit
the experimental results may mislead one into believ-

ing the model chosen is correct. Nooney (1966)



insisted that the interpretéed. results must agree
with already esteblished biological knowledge before
the model can be assumed valid. Wagner (1968) stated
that the closeness of fit (of e model) as measured

by residuals, is a strong noint: but cautioned that
one must look for trends in ereas of noor fit to test
the adequacy of the model.

There are three nossibilities after the model
1s re-examined, in relation to the fit obtained (Rer-
man et al, 1962).

1) The data is adequate to define the model and
final fit yields a random scatter of the data about
the theoretical calculated values. Celculested
correction terms tend towards zero as the solution
converges to a leest squares fit and the stenderd
deviations of the varisble parameters are relstively
small compared to their values,ie. the model is con-
sidered comnatible with the data.

2) Deta is inadequate to pnermit the definition
of the model.

3) The date is adequete to define the model but
does not have the random scetter sbout the calculsted
values, 1i.e. the presence of svstematic deviations
suggests that the model is insadecquate to fit the dats

and it requires additionsl degrees of freedom (i.e.
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the relesse of constreints or the introduction of
more narsmeters.)

2) Models Used.

2) One compartment model.

A one compartment model of the tyne, Fig. 2.2.

Mgy —————————> M,
k = k U
-1 2

; DU

Fig.2.2, One compartment model.

wes commonly used to describe the time course of a
drug in the body. That is, plotting blood levels st
various times on semi-logarithmic graoh vaper led to
a straight line which could be described by a mono-
exponential term. Nelson and 0'Reilly (1961) studied
the kinetics of sulfisoxazole acetylation =nd excre-
tion in man. The single compartment model of the
above type was written to describe the post-sbsorp-
tive and equilibrative phases of drug excretion. A
time of four hours after drug ingestion was arbitrer-
1ly chosen as zero time. This allowed interpretation
" of excretion dests in terms of the equétion develoned.
The eauations excluded the absorptive and egquilibra-
tive nhases of drug distribution. The kinetics of

sulfeethylthiadiazole, sulfamethylthisdiazole, sulf-



isomidine and sulfazmethoxine were glso considered by
the same apnroach (MNelson, 1964: Kushims, 1967).

b) Two comnartment model.

Nelson (1964) recognised that after ranid I.V.
injection, the kinetics of sulfeethylthiadiaszole could

be described by the two compnartment model, Fig.2.3.

Den
Kio ‘/ Koq
Do
2 kel

Fig,2.3, Two compartment model.

> D,

This model had the minor disadvantage of more comnlex
mathematical expressions.

After repid I.V. injection, nrovided blood
samples are teken sufficiently auickly, at leasst =2
bi-exponential curve is obtsined when nlottines blood
levels at various times on semi-lorserithmic grenh naner.
The two comnsrtment model will fit this tvne of
experimental date and is also phvsiologicelly compatible
with the distribution of the druge throush the body
under perfusion and diffusiorn forces alresdy described.
(Riegelman et 21, 1968a; Teorell, 1927; Dominguez, 1925;
Riges, 1963) The time courses of thionentone, =cetyl-

selicylic acid and griseofulvin in men fitted the two




- 22 -
compartment model.(Riegelmen et al, 1968a). Wagner
et a2l (1968) used 2 two comnartment model to describe
the pharmacolopical effects of L.S.D. in man.

c¢) Complex models.

Models of greater comnlexity have been described,

1) Gibaldi and Feldman (1969) proposed a2 three
compartment model to explain the influence of route
of administration; oral versus I.V.. In the orsl case
& three compertment model accounted for the henato-
portal system.

23y Cibaldi et 2l (1969) proposed a three comp-
artment modél to describe the vharmacological effects
of L.3.D.

3) Carrett et a2l (1963) provosed a five compart-
ment model to explain the time course of .radiocactive
celcium in the dog. |

It seems then that the simnlest model which will
accurately describe the time course of a drug in the
body requires two compartments. However, in simnlify-
ing the model one can focus on the process of interest
i.e. metabolism and excretion.

3) Model Psrameters.

According to Doluisio and Dittert (1968), There

ere two fundamental types of parameters describing
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any model;

1) Volume terms which describe the volumes or
capaecities of any compariments into which the drug
is distributed.

2)vRate terms which describe the rates at which
the reactions depicted in the model, occur.

There are three types of volume terms used in
pharmacokinetics, (Benet and Ronfis=1ld, 1969).

a) A volume term with some physioclogical meaning
in that it describes the actual size of a body region
e.g. adinose tissue in thiopental vhsermacokinetics
(Bischoff and Dedrick, 1968).

b) Dominguesz (19845 described the volume of
distribution or "the hypothetical volume of body
fluid dissolving the substance at the same concentra-
tion as the plasma." This term has no real physiolo-
gical meaning.

¢) The hyvoothetical volume employed with refer-
ence to the volume of an unsampled compartment, e.g.
the volume of the tissue compartment in the two
compertment model.

Riegelman et al (1968b) stated that the volume
of distribution is a narameter of a model, used to
describe the distribution of a drug in the body.

Its physiological meaning is limited by the model.
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As such volume terms can be misleading and at the
most ere of limited use.

Rate constents have not yet been assigned any
real physiological meaning in that they reoresent a
series of reactions rather than one naerticulsr resc-
. tion., They give an indicetion of the length of time
a drug will stay in the body.

4) The Paremeters.,k, and k..

K. and kS eare releted by the following expressions;

-1
kB = fK
and,kl = K —YKB
where £ = Dﬁw
D+ MUE©

DuYis the amount of free drug excreted in infinite
time.
Mu%is the amount of metabolite excreted in infinite
time. (infinite time can be defined as the time it
takes for 211 of the drug to be excreted from the
body. This is usually taken as about ten half lives
of the drug. 1In the case of sulfadimidine, the half
life in rats 1s about 4 to 5 hours and infinite time
was tsken as 48 hours.)

That is, the =amounts of free drug end metabolite

in the urine depend on the relative sizes of k. and k,.
)

1

El - the rate constant for metabolism.




The value of kl renresents the conversion of free
drug to the metebolite in the centrel compartment and
its excretion into the urine. The chemical reaction
for transformetion is,Fig.2.4
RJHz + AcCoA ——> RNHAc + CoA
Sulfonamide acetyl CoA

Fig.2.4. Conversion of sulfonamide to acetvl-

sulfonamide,

The rate constant, therefore, represents transnort to

and from the metabolic site, the actual metabolic

trensformations and then excretion by the kidneys.

E@ - the rate coenstant for excretion of the
free drug.
The value of kB represents a complex series of reac-
tions leading to the excretion of the free drug by

the kidney, into the urine.

S5) Pharmacokinetic Studies of Sulfedimidine.
Turco et al (1966) studied the kinetics of
intestinal absorntion of sulfadimidine in men. A
model of the type, Fig.2.5 was pronosed to explain
the time course of sulfsedimidine.
—_— N

——4

1 > 2 >

Oé¢—w

Fig.2.5 Model to explain the time course of

sulfadimidine in man
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where, 1 = gut.
2 = intermediary state between blood
and gut.
3 = blood.

4 = tissue.
0 = urine.

Using & suitable digital computer nrogram the
data was found to fit the theoretical line genersted
by the computer, after both oral and I.V. administra-
tion. From the pnrogrem the authors obtained relativ-
ely large stendard deviations of the generated
vparameters. The large errors were explained as due
to poor exoérimental data, rather than any definite
areas of deviation which would indicate a poor fit
of the model.

Koizumi et al (1964c) studied the kinetics of
renal excretion of sulfonesmides, including sulfadimi-
dine, from men after oral administration of the drug.
To obtain the various excretion rates, several
assumntions were made;

1) slomerulear filtration rete wes constant
during the expneriment.

2) rate of water removal at the nroximal tubule
was constant and large enough compared with that of

the sulfonamide.
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2) volume of fluid in tubule where the drug was
passively absorbed, was constant.

4) resbsorntion of drug wes & first order nrocess.

5) frection of nrotein bound drug was constant
during the durstion of the exneriment.

Yoizumi et al (1964a and b) studied the ebsorn-
tion of sulfonemides, including sulfedimidine, through
the stomach and-intestinal wells of rats. The wells
were assumed to be of a 1linid nesture. The experimental
data supnorted a relationshin between the absorption
rate and the partition coefficient between chloroform
and buffer, pE = 7.4. Because of the 1linoid nature of
the barrier, absorntion of the dissoclated and
undissociated forms wes assumed to be different. The
sbsorntion rates increased to 2 maximum 2t the ontimum
pH, when the greatest smount is in the undissociated
form. This pH differed bv about one pH unit from the
theoreticel pH at which there will be the minimum
smount of dissocistion. It was concluded that stomach
and intestine conditions i.e. acidity and surface
conditions, played 2 part in the absorption rate.
Kekemi et al (1969) found thet the degree of binding
to the mucosa was correlated to absorntion charscter-

istics, in vitro. The unteke of the barbituric eacid

used, was classified into two nrocesses, absorption
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of the drug onto the mucosal surfaces and the accum-
ulation of the drug in the tissues; with the former
es the more important step.
In the following work with sulfadimidine in the

rat, both one and two comnartiment models are used.




2-C) Comnuting and Pharmecokinetics,

With the formulation of compnlex models, more
sophisticeted methods of nrocessing the experimental
deta have beeﬁ develoned. The enalog and digzitel
computers ere canable not only Oflnroeegginp the dsts but
also of simulating curves from hypothetical models.

1) Analog Computer.

The anelog computer‘deals with continuously
varying voltages. The input of the analog comnuter is
a voltage which veries with time, determined by setting
the potentiometers in the circuit. The output is 2ls0
in the form of a voltage which changes with time. Tt
is visualised either as a2 revetitive sweep on an
oscilloscone or as a granh on sn ¥-Y nlotter. It is
primerily a device for solving differential ecustions
using time as the indevnendent verisble (Wasener, 1967).

2) Comparison of Ansaloes and Dieital Computers.

Many suthors (Carrett et al, 1968; Tavlor and
Wiepand, 1962; Yeisley and Pollerd, 1964; CGarfinkel,
1966) pnreferred the analog comnuter over the digital
comnuter. Carfinkel (19606) stated "If the problem can
be solved using the analog computer, use it; if not,
use a digital comnuter."

Garrett et al (1963) and Tavlor and Wiegand (1962)

consider the analog computer better because of its
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simnlicity and more flexible nrogramming, havine the
adventage that an understanding of the dvnamic asnects
of the problem veriables is readily achieved.

Cerfinkel (1966) prefers the analog computer
because of the ease with which the user can control
it and the>raoidity of the solution process. However,
three ma’or disadvantages, as comnared with the digital
computer, were also pointed out:

1) The analog computer can handle a limited number
of' chemicel reactions whereas the digital can handle
un to 10,CCO or more.

2) There 1s a limitstion on the range of numer-
ical problems that can be represented, and on their
accuracy.

3) The cavnebilities of the anslog comnuter are
increesing less ranidly than the digital computer.
Despite these disadvantages, the analog comnuter has
been used on comparatively complex problems.

3) Digital Comnuters.

As alresdy mentioned, digitel computers deal
with discrete observations expressed as integers or
binary numbers in the memory of the computer. They
are capable of addition, multinlication, exponentiation
etc. and hence, are very useful for renid numerical

enalysis of data. Most programmes are of the iterative




tyvpe and desl mainly with the statistical analysis

T

of experimental data. Manv, however, contain s
proviso which cen be used for simuletion purposes.

4% Exempnles of Use of Digital Computers.

Berman et a2l (1962) develoned = program thast can
simultaneously trest 25 separate functions thet mey
arise in response to a system having up to 55 para-
meters of which a maximum of 25 may be simultaneously
variable. With an input of experimental data, the
mathematical expressions describing the model, the
initial estimates of the rate constants of the
experiment, the nrogram automatically obtsined s least
squares’fit of the data by an iterative procedure
involving the model parameters. The program was
divided into various subroutines which can determine
solutions of the systemstic equations, e.g.;

1) linear differential egquations - solved by
using a fourth order Runge-Kutts method.

2) sum of exnonentisls - solved analytically.
The iterative procedure was emnloved becsuse the
functions are in genersl, non-linear with respect to
the variables and a first ap»nroximation is usually
inadequate to obtein a least scuares solution in one
step. The values of the narasmeters were incremented

or decremented to give functions which in turn gave a
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minimum lesst sousres solution. The newly calculated
velues for one iterstion were used as initial estimstes
for the following one end convergence to the best fit
was obtasined. Beceuse of this, it was found necessary
to nut constreints on the initisl values of the
parameters so thet the comnuter would not decresse one
naremeter at the exnense of the others.

fckermen et el (1966) develoned a prosram which
included a technique described ss "iterstive fuessing".

Their nrogram mainly used the equation;

i =n
E = (vi - ¢, e ~P1ti¢ e ~Poty f‘"
S| 2
i =1
knowing the values of b1 end b2, the unique values of

C, and C, were determined to give & minimum sum, E, of
the squared deviations between the simulsted curve
-b,t b

1 —Cze Zt) end the dete points, vi end t.. The

(Cle 5

nprocedure was to guess values of b1 and b2 until one
found a set of results that geve 2 minimum deviation.
Folding one end varving the other often fails to
converge to the best answer or tekes too long to do
so. The technique, "iterative guessing " was, there-

fore, develoned, Fig.2.8.
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Fig., 2.6. "Iterative “uessing " Technique.

(Ackermen et =2l, (1966)

The ¥'s renresent values of bl and b2 separated by
about 30% from the original, I. The squared deviations
of each are found, comnared and the lowest one becomes
the centre of the next square. The process is reoneated,
excent points nreviously used are not recalculated,

and continued until the centre is the best point.

The step size is then reduced to 10% and so on until
convergence is obtained. The paremeters cen be

guessed from the technigue or cen be origsinally
estimated using an snslog comnuter. The program was
used to generate curves for verious mocels, e.g.

1) Blocod glucose regulation - their comparstively
simple model for the passage of glucose through the
body, was found 1o genersate curves which ”Althoﬁgh
there can be no doubt that the fit is not within the
limits of equipment error, it is well within the

limits of repestability." Mo systematic trends for




errors were found in & ser
the agreement of data and

the validity of the simnli
the most important feature
reculation.

2) Calcium in bone -
model including two in the
that corresponded with the
caelcium through the body.

Lowenthal and Vitsky
that calculated the rminimu
velues k_ and k;/k_, the a

constants for absorntion s
k

ies of thirty curves. Thus,
simulated curves sunnorted
fied model as emnhssising

s of blood glucose

using & four compartment
bone, curves were cenerated

nassage of radiosctive

(1967) wrote a pnrogrem
m veriaence of the input
nparent first order rate

nd eliminetion in the model

k

& - a o
D —> L"‘g 7 DU
concentration in blood, C = 9Oka k.t X t
28 (788" - 7Y
-]
Vq(k_a xd)
C =:§-k?(e kgt e‘et)
¢ = likge‘kﬁt(e_bt -1)
—bt _ 8 A
In.C - In.(e - 1) = In.(9%yk_) - k?t
2 = and = ] - k.
where 8 9O/Vd nd < 4

where 2. is the dose and V
As with Ackermen et al (19

was used, Fig.2.7.

. 1s the volume of distribution.

66), & orid sesrch routine



k
a

Fig. 2.7 Crid Sesrch Routine. (Lowenthal and

Vitsky, 1967.)

The initiel estimates were incremented or decremented
by 6.1, 0.C5, 0.005, etc. and eight noints were calc-—
ulated sbout the initial.

Various blood concentrstion versus time dets
from the literature were fitted. Some dsta could not
be fitted by the equation becsuse of:

1) vpoor snacing of time intervals.

2) insufficient dsta points.

3) deta not collected over a sufficiently lone
period of time.

With this program, separate tests must be made to
determine the goodness of fit of the calculsted curve.

2
The X test was sugrested.
2 _ e 2
i><, - (Cobs “ee1c)

C

celce

2 .
The j(, values are comnared with tebles. It was found
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thet the computer celculeted variance gave ‘ust as
good ean indication of the goodness of fit as the
test.

Garfinkel (19§6) considered the glycolytic
pathway for the metabolism of glucose as a comnarati-
vely simnle system. With 2 digital computer and an
input of rate constants, concentrations and a series
of differential eguations, curves we:e simulated which
corresponded with actual experimentsl results from the
glycolvtic pathway in ascites cells. Using en isolated,
beef heart glycolytic system, which overcame the
problems of compartmentelisation, limiting retes of
entry into cells, etc., the number of differentisal
éQuations that directly referred to the enzyme system
was increased. This again led to & good correlstion
between the simuleted and experimental dats.

Wegner (1967) used a digital comnuter to simulate
curves for three entibiotics, lincomycin, novobiocin
and tetracycline. In esch case, good correlation was
found between the simulated curves sand the experimentsal
data of the blood levels. The program employed an
lterative procedure to renerate & set of paresmeters
which nrovided & least squares fit of estimsted to
observed serum levels. The anelog computer was used to

give initiel estimates of the persmeters.
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S) "NQULIN" -~ the dipgital comnuter nropsrem

‘used in this work.

The Dfo;ram used to process the data in this
work, was "NONLIN" (Metzler, 1969) which consists of
the mein program and eleven subroutines. The basic
idea behind the prosram is similar to those slreadv

described, i.e. the calculated data is comnared with

the exverimental deata and the weishted sum of squares
found e.g.

weighted sum of sausres for parameter values, 8,

NCo Na

STOST (VG (Vi) - FA(©,¥%i5) Wi
1=1 i=1 -

55(8)

where NC 1is the number of functions

Vij(¥iil) is the ij-th. observation on the i-th.
function and the i-th. function having Ni observetions.

fi(gainj) i3 the celculated date from the nars-
meter values,E; , and times, XiJj.

Wil 1s the weishtings factor of the -th,
observation on the i-th. function.

Briefly, the subroutines are es follows:

1) IN®PUT - inputs e£l1ll the deta from nunched cer

2) SUMARY - ceauses the psrameter values and
weighted sum of squares to be printed after the
iteretions converge. It also caﬁses other calculated

dets to be nrinted,

et
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3) SUM3Q - comnutes welghted sum of sauares.

4) MELS - solves a system of simultaneous
equations by Hertley's modification of the (sauss-
Newton method.

5) RITEN - comnutes eipenvalues and eigenvectors
of the correlation matrix of the estimates.

6) COoM»UT - accents values of paremeters and time
and then either calls _PHFUNC to algebrasicelly csalc-
uléte velues or controls the intesrstion subroutine
in NUMINT which agein celculates values.

7) NUMINT - uses a fourth order, variable sten
size, Runge-Kutta method to integrate a set of differ-
ential ecuations which are defined in DEFUNC,

8) PLOTN - if desired will nlot theoretical end
observed values.

9) COR - comnutes correlstion between observed
and calculated values.

10) DLIVIT - adiusts the correction factor of the
Darametefs to meke sure thev lie within the limits.
11) DFUYC - this subroutine must be written for
each nroblem run on NONLIN i.e. for the model;
k k

1 2

A )Q

the differentisl ecuations are:

2

v
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A
t

[

at

I

if these esre innut,

Akl - Bk

Ko

the theoreticsl values 2re

celculeted throush NMUMTNT,

Integsrating the

A =

It

B

Ao e

Aok

i—!

-
kl k

2bove;
—klt
— o 1
2

if these forms are vplaced in DFUNC, the theoreticel

values ere celculested directly.

The equetions innut into DFUNC have been summerised

in CHapter 4.

°



- 40 -

“an'e? 3

2) Sulfadimidine.

The sulfadimidine used was a commercial semnle

nurified by recrvstallisstion from 95% ethenol. Fig.3.1.

) r 0N /
o ?JD' {

7if.3.1. Sulfedimidine.

3

¥.Pt. samnle 1970—198000 (uncorrected)

v, Pt. litersture 198°-199°C. (lerck Index, 1988)

b) Svnthesis of N-4 ecetyl sulfadimidine. Fip.3.2.
N C}TB
OHACO HM SO5.NH / \
L ——— e T
CH,

Fle.2.2. N=4 scetyl sulfadimidine.

The acetvl comnound was prenared by disaolvin?
sulfadimidine in weak sodium hvdroxide solution and
then a2ddins the recuisite amount of acetic anhvdride,
(Noller, 1965, P.192.) The =2cetvl comnound thus
obtained was recrvstallised twice from 95% ethanol.
Its nurity was determined using the method of Bretton

and Mershall (1939) end by comnarison of melting noints.

¥.,Pt. samnle = 2470—24806° (uncorrected)

Vi o
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M.Pt. literature = 249°-250°C. (Dictionary of
Orgeanic Comnounds, 1965)

By Bratton and Marshall (1932) assay, %he sample
contained C.16% free sulfonamide.

¢) Animels.

Male Sprague-Dawley rats(The Colony, Medison,Wisc.)
between 150 and 4CC grams were used in all experiments.
Before experiments, they were starved for 24 hours but

allowed water =d libitum.

3-2) Animsl Techniques.

a) Metabolic Studies.

To determine the main metabolites, the rats were
anesthetised with ether and dosed with one ml. of the
drug solution (25mg./ml. - the drug was dissolved with
with the aid of a minimum amount of sodium hydroxide),
by stomach tube. The urine was collected for 24 hours
and the volume noted.

b) Pharmacokinetic Studies.

To meintein urine flow, the rats were given 2
mls. of weter by stomach tube, every hour for two
hours before administration of the drug. Water admin-
i1stration was continued every half hour after the drug
had been given. The drug was administered (oral and
I.P.) while the rat wes restrained but conscious.

(Doses of 15mg./ml. and 15mg./#ml., resvectively.)
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To give the drug I.V., the rats were mildly enesthe-
tised with ether, and the injections given into =
femoral vein. (Dose of 15mg./%ml.)

¢) Urine Collection.

After administration by the annronriate route,
the rat wes placed in an imnrovised metabolic cage and
ﬁrine samples were téken at various times, the time
being accurately noted. Any urine excreted between
times was added to the next semnle. The rats were
mede to urinste by causing them to inhale sulfuric
ether. (The ether causes snonteneous contraction of
the bladder wall, resulting, in most cases, in
micturition)(MNelson et al, 1966.) Each sample wes
thoroughly washed into a besker.

The total urine output was collected for at least
48 hours in order to estimate the total excretion of
free drug end metabolite.

d) Blood Collection.

Blood samnles were obtained when the rats were
sedated with pentobarbitone sodium. A mild to heavy
sedation was obtained for the duration of the expneri-
ment using 50mg./kg., then the rats were allowed tQ
recover and trensferred to 'metsbolism cages.for at ldast
48 hours. Two methods were used to obtain the blood

levels, nemely catheterisation of a Juguler vein



(Ven Petten et al, 1970) or retro-orbital puncture

(Nagashima et 21, 1968).

In the former method, the rats were esnesthetised
with pentoberbitone sodium, 50mg./kg., end then a
catheter, 0.C22 inches internal diemeter and C.C45
inches outer diameter, was placed into the jugular
vein to within about a quarter of an inch of the heart;
it was secured using three cotton threads along the
length of the vein. The other end of the catheter
~was led in front of the risght foreleg underneath the
skin end out at the back of the head. To secure the
cetheter it was led through a polythene saddle stitched
beneath the skin.(Ven Petten et al, 197C) Within 24
hours the injection was given through the catheter
and blood samples taken at the required times. After
each sample was teken, the catheter was weshed out
with hepnarinised seline. (It was hoped to underteake
more then one experiment on each rat, but it wes found
that even though only helf an inch of catheter
protruded from the skin, the rat was still able to
dislodge it from the vein.) The rats were then left
and urine samnles collected after 48 hours.

In the letter method, the rets were sedated with
nentobarbitone sodium and an injiection of the drug

given into one femoral vein end one of 50 units of
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heparin into the other. A hepsrinised glass cepillary,
of approximately the same dimensions as the above
catheter, was inserted through the membranes =t the
corner of the rat's eve. The blood flowed freely
through this, and was collected in 2 smell plestic
cup, previously gressed with silicone grease. As
soon a&s possible, the blood was taken up in a syringe
to obtain a known volume. Presumably because of
clotting, about five samnles were obteined from each
eve.

2—3)Preparation of Samples.

s) Urine.
A1l urine samples were filtered and individually

made up to volume. To assay for the free drug, 2mls.

of the diluted urine were made un to Smls.with water =nd

N.HC1 and assayed.For the total drug in the urine,
1Cmls. of the diluted urine were hested uncder reflux
with N.HBC1, 2.5mls., cooled, made un to 25mls. end
esseved.

b) Blood.

Each blood sample was immediately placed into
4mls., of potassium oxslate solution, O.5mg./ml..
The blood proteins were then nrecinitated using 1.0ml.
of a 15% solution of trichloracetic acid. This was

then centrifuped, filtered and the supernatant assayed.
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(No significant emounts of sulfedimidine were nrecin-
itated with the nroteins (McMeshon, 197C))

3~ 4) Analvtical lMethods.

a) Assay iethods.

A calibration curve was prenared using C.15%
gulfedimidine in the renge 6-44 mg./ml.. To dml. of
solution, either standard solution, sultebly diluted
urine sample, or blood sample, was added C.2ml. of
0.25% w./v. sodium nitrite. Three minutes later 0.2ml.
of 1.25% w{v. ammonium sulfamste was added and in a
further two minutes 0.2ml. of C.25% w./v. N-l-naph-
thylethvlene diamine dihydrochloride. (Fischer
Scientific Co.)(Brestton and Mershall, 1939.) An
Oxford Sampler (Oxford Laborastories. California.) was
used to ninette C.2ml. volumes of reagents. The
amount of metabolite was determined by the difference
in free comnound before and after acid hydrolvsis.

b)Metabolic Studies.

The urine was mixed with an equal volume of 95%
ethanol, centrifuged, and the supernatant used for
T,L.C.. Silice gel nlates, 0.25mm. thick, were used
to achieve a senaration. (All tyvoes of cellulose
plate were unable to stand the hish temperatures
required.) (Stahl, 1965) The solvent systems found

to give the best seperation were :-
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l-butenol saturated with water : pyridine 8 : 1.

l-butenol : concentrated NH,0H : nyridine : water

4
4C ¢+ 1C : 5 ¢ 5C (pE = 9.0)

The volume of ammonium hyvdroxide was adjiusted to give

the above retio which gave the best results.

The spots associsted with the free drug were
detected by spreying with Bratton-Msrshall reagents,
those of the glucuronide by spraying with phosphoric
acid/nanhthoresorcinol reagent (RBridges et al, 1965),
end those of the metabolites by spraying with N.HCI,
heating at 11¢°%. for 10 minutes, end then spraying
with Bratton-Marshall reagents. To achieve complete
separation of the acetyl and free sulfadimidine, the
plates were run for about five hours which included
sbout two hours after the solvent had reached a pre-
merked solvent front. DBoth the acetyl and free drug
were recognised by comnarison with standeards.

To determine the relative amounts of free drug
and each metabolite nresent, the plates were run,
spreyed elong the edge, and then spraped at the
correspnonding areas. The sepsrate scranings were
boiled with N.7C1 for one hour to hydrolyse off the
glucuronide, acetyl, etc.. The solution was cooled,

filtered, made up to volume and assayed.

i

The urine was elso assaved for total and free




cdrug.

3-5) Digital Computer lethods.

NCONLIN, a computer nrogram for peremeter estima-
tion in non-linear situations, kindly sunplied by Dr.
C.M. Metzler of tre Uniohn Comnenv, wss used to obtasin
the best values of the model parsmeters. The comnuter
used was the IRM 36C/65 model at the University of
Manitoba Comnuter Centre. Tor the required modifica-

tions of the nrogram, see Ehapter 4,4,

3-B) Statisticel Methods.

A1l straight lines were fitted using the regres-

sion formulsa: -

S-S5

slope, b = N

Su% - (2n”
N

according to Saunders and Fleming (1957)

Sets of results with unecuasl numbers were
compered using & student t-test (Saunders and Fleming,
1857) .

Sets of results with ecusl numbels were compared

using esnalysis of varisnce (foldstein,1967 ).
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Chepter 4,

Theory of Results.

The experimental data was fitted to one and two
comnertment models. The models are revnresentations of
the absorntion, distribution, metabolism, and
excretion of the drug in the body and as such they
focus on the more important transfers and reactions.
The one compartment model hess the minor adventarge of

nore simnle mathematics.

3

4-1) One compartment model.

Exemnles of one compartment models sre shown in

Tiged.l.
ka K
D K D, —— D~ —>
/\? B —— (\-? G B
Db D
@]
1 2

Fig.4.1., One compartment models.

The drug end 1ts metebolites are assumed to be
in equilibrium with these materials in other fluids
of distribution. The k's asre first order rate constants
in recinrocal hours for the resnective nrocesses
and are assumed to nroceed 2t & rate directlv nronort-
ionel to the amounts of the materisls in the indicated

fluids. The volume of distribution of the drug and
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its metsbolites is essumed to remein constant through

out the experiment.

The ¢ifferential equations describing model 1 are;

D, = -K D,

D

I

X Do

U B

giving solutions;

— -Kt
DU = Do(l - e )
The differential equations describing model 2 ere;
DC = -ka Dh
Dy = Kk, DG K Dy
DU = K R
giving solutions;
Dp = D, e fa"
= 1 N - -
DB K, LO (e Kt _ e kat)
(k_-K)
k_D .
_ a ~o “Kt_ q_ -kt
DU = K(kP—K) (ka(l—e K(l-e "a

In the above solutions:

fraction f = DU kB
of free drug, T o = =
i‘w‘;U + DU k ] + k 8

kg
anad kl = K - kB

a) Methods used to obtein constants.

D)

(1)

(3)
(4)

(5)
(6)
(7)

(8)

(9)

(10)

(11)
(12)

(13)
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1) Blood level data.

2) Without absorntion from the gut.

A plot of logerithm of blood levels versus times
would vield a strsight line with a slope of -K/2.308
i.e. taking loserithms of equation (3)

log. Dp = Log. D, - K t (14)

‘ 2.303 ~
Constents kpend k, can be obtained from equations (12)

and (13)

b) With sbsorption from the gut.

A plot of logerithms of blood levels versus times

would yield a biexponential curve of the type, Fig.4.2.

log. D slope = K/2.3C3

slope = k8/2.808

time

Fig.4.2. Plot of D, versus time on semi-logarith-

mic graphy paper. Oral dosage.

In Fig. 4.2., the line for ke is found bv the

1y

method of residuels. Tig 4.2. is the normel case where

the rate of absorntion is much faster than the rate
of excretion. If the situation were reversed, the

later,, linear slope would be equal to ka/2,808e
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2) Urine level deta.

Parameters are obtained from the urinary excre-
tion data by plotting the logerithm of the rate of
excretion versus time. From equation (3), the curve
obtained from a rate plot can be characterised by
equation (15). (Swintosky, 1957)

al

Kt

U = log. XK C_ - (15)

at 2.303

log,

where’Co is the apparent maximum amount of excretable
substence. Therefore, the secondery, lineer nortion
of the curve will hesve a slone ecual to K/2.303.

With model 2, 1f the rate of absorption is very
slow compered to the rate of excretion, the slope of
the secondary linear portion will be equal to ka/E,SOB.

4-2) Two Compartment Model.

An exsmple of a two compertment model is shown

in Fig.4.3.

Dy
Tissue
/!
K99 Koy
Dn o1
7Dy
Dg//\\\\\\-? Centrsl

Fig., 4.3. A Two Compnartment Model.




As alrerdv mentioned (Chaonter 2, Sesction 2-3), a

two compmartment model is nhvsiologically compatible
with the distribution of & drus through the bodv under
nerfusion and diffusion forces. The volumes of the
tissue and central compertments are assumed to be
eguel through the experiment. letabollism and excretion
occurs in the centrél compaertment and the k's
represent first order rate constants with units of

recinrocael hours. The differentisl equetions describing

the model eres

Dp = kq5Dp - K59 Dy (17)
Dy = KoqDp (18)
where 7 = kl? + kel
giving solutions;:
-ro 1t -r.t
D (ko — 2 )e T1 D (Kqog = Do)e 12
D, = 0712 1 + o 712 2 (19)
ro - r'q ry{ - Iy
rot
Dy =
rl(r? - rq) rg(rl - ;) (20)
Joklp(e*rlt Tty
Dp= ———"— (21)
IT‘?f:I’:L
where:
— ! R / [ -
r (=(koq+7) V/(C+k91) 4°kerk?1 (22)

and;
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i o ~ Ay - e _ , 9
ro = H(=(kgy*0) /“”‘:21) Tdk ko 0 (23)

[

In the above solutions;

fraction of free drug, 1%;‘ ku L
T = -5 S = - = (?4)
M, Dy K ¢k, Kq
k.= kel°f (25)
— - . .
km— kel L(u (96)

Tt is noted that the constents describing a two
comnartment model are hybrid constants, that is, they
are comnlex nroducts of the actual rate constants.

b) Methods used to obtain rate constants,

1) Rlood level data.

A nlot of the logerithm of the blood level versus
time geve a biphasic plot of the type, Fig.4.4.
As

Bs

log. D

time

Fig. 4.4 Plot of D, versus time on semi-logarith-

mic paper - renid I.V. injection.

r. is obtained by the method of residusls. A and B

1

ere found as shown in Fig 4.4.

The values of the microconstants mev be obtained
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from the ebove narameters by the method of Riegelman

et al, (1968a).

o _ - ’
CD = A + B3 (27)
A P
1 = e 4= A T (28)
c© a©
‘D o)
Koy = A'ry + B'Ty (29)
A'B(r, - rl)2
k - (30)
12 K
o1
1
kel = (21)

A'/r1 + B'/r2

4.3) Simulation of two compartment model with

absorntion.

For ease of administration, most drugs are given
orally. Simulations of the two compartment model with
absorption, Fig.4.5., were carried out to determine
whether the constants obtained granhically were in

agreement with those used as inout.

D
Tissue
K12 K01
N k ’B k
DS, fa ] Lo D
© - A Central > U

Pig. 4.5. Two comnartment model with absorption.
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The differential equations describing the model

are,
D\f“{ = —L{B_DC (8?)
DQ = koqDq + X Dn = K'Dp (23)
= 1 A
- — 2
Dp = ¥qo0g = Ko9Dp (25)
t -
where X k12 + ke
Teking Laplace Transforms of equetions (32),(38)
& (85)
no ~ S . N
SDG - DO = —kaDG (26)
B = k. D + Ky B - ¥'D (37)
SDB = aDG + ZlDT - K DB 3
Fava _ ~r o /5 (08)
sDp = KqpDp = K51 Dg 2
Rearranging equations (36),(37) and (38) and trans-—
ferring to matrix form;
s + ka 0 0 DO
-ka s + K —k21 =10 (39)
0 —k12 s + k21 o

kKo ka5)) (40)

JASIS 1 ' ' -
] = 8 + ﬁa((s + K'Y (s + k?l) 21812

which is equivalent tog

A\ = (s + ka)(s + rl)(s + rg) (41)
where;
- s S
ry = Fl=(kgqtt) + \/<K tho ) Te T AR Ko
end: ’
_ \ o o . '
ro = B=(kgy ) "\/(K thp)ToT Aekerkay

~trensferring matrix (39) to cdeterminant form and




solving for Dn

Do O 0
Do

D, = | O s + K -k =0
© 21 s + ka

0 -k12 8 + k21

AN
therefore, taking antitransforms;
_ -k _t
Dpn = Doe a (42)

transferring matrix (39) to determinant form and

solving for DB;
s + k DO 0
A —.l 1
Do =| -k 0 -k - D, (=k )(S + ko) (4q
R a 21 (s+k,) (s+ry) (s+ry)
0 0 s + k
L 21

By partial fractions and tsking antitrensforms of

‘equation (43):
. i

- -k_t f -r t
D = KoDo gy —kje 78" . KDLy - Qfe s
B o _ _ _
(rl &a)(r2 Emka) (r2 rl)(ka rl)
. -rst
Kalolkoy - mge "2 (44)

() - 7)) (K, = rp)

From equation (34):

5. = kefDBedt

Therefore;:

-kt
k k D (kyy -k )(1 - e a)

Dy =
Ka(fl - ka>(r2 - ka>
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b

. \ -1
N kakebo(k21 - r1;(1 - e 71

; ' (45)
rq (k=) (ry = 1)
¥ k¥ D (k ~Ioty

L KK D (Kgy = o) (1 - e

rz(K8 - r2)(r1 - rz)

Velues of Dy and D, were then calculated at arbitrary

time units of 1,2,3 to the recuired number and D, equel to

100 units. The values of the rate constants were
veried in an a2ttemnt to simulate most types of
absorntion, distribution, and excretion,

Rates of excretion and blood levels were plotted
against time on semi-logarithmic gresph neper. The
slones end any residual slones were found and attemnts
mede to recelculate the rste constants.

44

) Digital Comnutetion Methods.

The comnuter progrem, VONLIN, is canable of
solving systems of differential ecuations. If the
integrated solutions of the differential ecuations
are used as innut, the program provides the numericel
solutions. The former method recuired more time but
was slightlvy more accurate. The latter method wes
more convenient and wes used in this study.

As input data, the nrogram recuired initisl
estimates of the pasremeters governing the model, with

high and low limits. It also recuired the blood

levels and the times of samnlings. The comnuter then



aQ

took the initisl estimetes of the nearasmeters and
celculated, using the ecuation innut into the sub-
routine DFUNC, a theoretical cdrug level at that time.
Tt then comnared the theoretical with the exnerimental
to find the weishted sum of squares, S3, i1.e. S35 =:§:
(theoret., - exptoal>2W, where W is the weighting
fector. The nrogram then chenged the values of the
parsmeters until a minimum weighted sum of sauares

was found.

The main points of interest in the outnut were;

1) The finel estimetes of the psrameters with
their stendard devietions.

2) The weighted sum of souares of the final
estimates of the parameters and the percentage devia-
tion of the theoretical curve from the experimental
points.

- 2) The theoretical curve.

The stenderd deviastion is taken es the square
root of the weighted sum of squares divided by the
degrees of freedom. The weights are taken as the
recinrocals of the disgonal elements of the inverse
matrix generated by the subroutine MELS (Deming,1964 )

Two separste nrograms were used to fit the blood
level deta. The first incorporated equation (46),

with the initial estimates obtained as in Fig.4.4.
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r,t t

1Y+ Be T2

D, = Ae” (46)

From the outnut of this nrogsrem velues of kl?? k?l

and kel were found from eausations (27) to (31l). These
velues were then used 2s innut for a nrogsram that
incorporated ecuation (19). This pnrocedure was found
to be better than the one in which rate constants were

celculated directly from the grenh, and only the latter

program used.
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Chapter 5,

Results,

5=A) Vetebolic studies.

1) Thin layer chromatography of urine sampnles.

After orel dosage of sulfadimidine, the metsbolites

in the urine were senarated using T.L.C., Fig.5.1.

solvent front

free O free O

runninge time

acetyl . acetyl | = 5 hours.
temnerature
= 75°7,

sulfemete O

glucuronide (O
£)

A ot

baselilne

FPig.5.1. Reproduction of T.L.C. of urine samnle run on

silice gel plete in butanol-weter/pyvridine system 1,
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All urine semnles gave identicsl results with the
2bove system and with the silice gel in butenol-
Water/pyridine/NHB,system,2. Initial spraying of the
nlates with Bretton-lMershall resgent detected one
spot corresvonding to the free drurs. After hvdrolvsis
von the nlate with normal acid, {(Chapter 3, Section 3-%)
four svots were detected with Bratton-lMarshall reagent.
When acid treated nlates were snraved with naphthore-
sorcinol/phosphoric acid a light blue snot wes detect-
ed, corresnonding to a nositive area on the nlate.
This was assumec to be sulfadimidine N-4 glucuronide.

The relative R, values obteined from T.L.C. are shown
f

in Table 5.1,

Metabolite _Re
free drug G.80
N-4 acetyl C.72
N-4 sulfemete 0.39
‘N-4 glucuronide 0.043

Table 5.,1. Relative Rf values of free drugs and

metabolites,

._;_j

or

v

I complete severation of the N-4 acetyl and
free sulfadimidine svots, the thin layer systems had
to be run for et leaest five hours. These two nroducts

were verified by standerd free drug and N-4 zcetyl

derivative on the same plate. Because of the long
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running time, the solvent front ren well over a nreset
mark and, therefore, only relative Rf values were
obtained. The relstive nositions and Rf values were
competible with the results obtained by Bridees and
Williems, (1963), with sulfasomizole in the rat.

The N-4 glucuronide and N~4 sulfemsate of sulﬁiSOﬂiZQle
were confirmed by compmarison with stenderds. The
relative positions and Rf values corresnonded with
two snots obteined with sulfadimidine in the rat. As
the slower running snot was assumed to be the N-4
glucuronide (nanhthoresorcinol/nhosnhoric scid sorav.)
the other was assumed to be the N-4 sulfamate.

2) Percentage of each metabolite from T7.L.C.

The percentage of each metabolite was calculated
directly from spectronhotometric determinstions, Table

5.2.(Chapter 3,. Séction 3-4)

Metabolite. System 1.%. System 2.%.
free drug 20.81 21.65
N-4 acetyvl 61.49 53,87
N-4 sulfamate 13.44 17.85
N-4 glucuronide 4.3 6.93

Teble 5.2. Percentages of each metabolite from

T.L.C. oral dosages.

From the above figures, Table 5.2, 1t was assumed

thet the free and acetvl compnounds constitute the
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oy

mejor excretory nroducts of the drue, sulfadimidine.

N

Hencefort

-

1, the excretory nroducts of the drug will

be referred to as the free and metabolised comnounds.

)
3
L]
[¢)]

{i

The metabolite was taken 2s the difference between

readings before and after hvdrolysis of the urine

ot

semnies.

3) Analysis of urine samnles.

The totel gmounts of drug end metabolites
recovered efter orsl ingestion of 25mg. and 100mr. of

sulfadimidine are shown in Tebles 5.3 and 5.4.

Rat Weight, TFree Totel Tree

me./ ke,
Number “m. Drug,mg. Drug,mg,

1 - 4.38 1C.94 4C.05 ~
2 - 5.88 14,69 42.64 -
3 210 0.60 13.01 42.05 119.04

15.38 33.33 113.12

Ul >
D N
N
=
)
-
[oV]

D
(@]
W
—J
O
|.__J
O
AN

8 08.1o 94.69

' e

oy
et
O
o~
[¢v]
[60]
~J

.64 oG .77 128.86
Mean*= 44,60 + 3.54

Teble 5.3. Amounts of drug and metsbolite after

edministration of 25me. orelly.
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o |
- , FREE
# .| RatI-IP ‘

2 ACETYL
L}
g 1" Fig.5.2

L [ 1 L1

I 2 3 4 5 6 7
TIME ( Hours)
. |

o | Rat 2-Oral
|...
L
z
O
X

o
<
=

MG. EXCRETED
N
i

Dy L L L1
2 3.4 5 6 7
TIME( Hours)

Cumu!a’nve excretions . of free and acetyl suhadmuzw

in the urine after dmerem‘ roufes of admmxsfm‘i‘m



Ret Weight Tree Totel Free
i Eg;;lw me./kg.
Number. fm.  Drug,mg. Drug,mg.
1 325 8,172 17 .34 48.86 307.69
2 320 14,495 25.50 56,68 307.69
a 340 18.21 37.19 48,986 294,11
4 340 9.15 28,75 31,82 204,171
5 330 12.05 37.69 34.63 308,03
6 295 14,083 37.19 37,71 338,98
7 365 21.85 54.63 40,00 272,97
8 3095 13.C5 24.31 38,03 327.86
9 300 22,17 42,90 ol.67 285.71

llean* = 43.15 + 2.86
*¥leen + standard error of the mean.

Taeble 5.4. Effect of increasing the dose to 100mg.

administered orally.

In both ceses asbout 55% of the dose was recovered in
the urine after 24 hours.

The two dose levels were comnsred using a "t—-test" on
the ratios free/total %

t = 0.3353

1

from tables t 2,15, ot probability level of ©.01.

?
Therefore, the difference between the two mean values
of the ratios free/totel % was attributed to chance,

and there was no significant differcnce between the ratios

obtained a2t the two dose levels.
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5-B) Pharmacokinetic Studies

1) Comnarison of routes of administration, i.e.

oral vs. I.P, vs, I.V,

The drug wes administered to grouns of animals
orally, I.P. and I.V., urine samples collected, and
the cumulative totals of free drug and metabolite in
the urine were plotted ageinst time, Figs.5.2,5.3
and S5.4. All three methods of dosage showed what scems
to be an initial, slow period of excretion.

From the cumulative urinery data, logarithm of
rete of excretion versus time plots were constructed
(Swintosky, 1957).

The plots for all three routes showed an initial
rise followed by a secondary linear phase, (Figs.5.5,
5.6 and 5.7). Such behaviour is expected after oral
administration and is usually interpreted as an
initial absorption phase followed by the eliminstion
of the drug, (Cummings et al, 1967). After I.V. an
initial nhase similar to an sbsorntion nhase is most
unusual and cannot be exnleined readily, (Chiou and
Riegelman, 1969; Jusko and Levy, 1970). Very little
work has been done on pharmacokinetics of drugs
efter I.7. in’ection but penerally the kinetics are
similar to I.V. administration, (}cMahon, 1970).

To determine if the elimination phase in each



Tsble 5.5, First order rate constants obtained from urinary excretion rate data.

Ryt X £ k k ty
Humber. hrs,™ S hrs, ™ hrse ™ b,
T.P,
1 0,257 0.563 0.144 0,122 2,700
2 0,158 0,541 0.086 0,073 .. 381
3 0,129 0.531 0.069 0,061 5.358
. 0,161 0,489 0,079 0,083 40293
5 0,16/ 0,487 0,080 0,08/, 4,225
Mean # 0.174+,02 0,522+,06 0,092+,02 0.082+,01 4o19740 426
Qral
1 0,152 0,572 0.087 0.065 4o 545
2 0,193 0e5L5 0,105 0,088 3,587
3 0,203 0.712 0,144 0,058 3,422
L 0,227 0, 556 0,127 0,101 3,047
i 5 0,121 0.523 0,063 0,058 5,712
5 Mean # 0.179+.02 0,582+,03 0.105%,02 0.074+.01 4,6 063+, 481
1.V,
: 1 0,218 0,584 0,127 0,090 3,185
2 0,132 0..530 0,070 0.063 5,241
3 0,176 00514 0,091 0.086. 3,928
L 0,156 0.563 0,088 0,068 Lol
5 0,168 0.57/, 0,096 0,071 40136
Mean # 0.,170+.02 0.553+.,02 0.094+.01 0,076+,01 41874336

# Mean * standard error of the mean,
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Plot of logarithm of the rate of excretion of total
drug versus midpoint of time of collection of urine
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case (orsl, I.V.,I.P.) are similer, the slones of the
later parts of the curves were calculsted and values
for the one compsrtment rate constants obteined,

(CHapter-4,Section 4-1:, Teble 5.5.).

The one and two comnartment models both imnly
thet renal excretion of drug is a first order process.
This requires that rate of renal excretion be pro-
portional to the blood concentration and the maximal
urinary excretion rate should occur at the point of
maximsl blood level i.e. at a time immedietely after
T.V. injection. Such urinary excretion curves have
been obteined with griseofulvin (Chiou and Riegelmen,
1969) end riboflavin (Jusko and Levy, 197C). The
urinary excretion rate plot obtained here (Fig.5.7)
does not seem to have been obtained in any other case
and experiments were conducted tc determine the
nossible ceauses of this unususl result. Possible
ceuses may have been the anesthetic, saturation of
anv binding sites, and crystallisation of the
sulfadimidine.

2) Blood Level W%Work,

The grephs obtained from the semi-logerithmic
plots of the blood levels of drug versus time
indicated that the drug showed two compartment

behaviour, Figs.5.8 and 95.9.
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There was nothing in the blood level nlots to
explain the initiel rise in the urinery excretion
rate data after I.V. injection. This indicated that
the unusual effect mey be due to the excretorv nro-
cesses for the drug snd its metabolites.

From the biexponentiel curves, estimates of the
constants r, #nd ro can be made. Table 5.6 shows the

two compartment hybrid constant, r's and the one com-

vpartment eliminetion constent, K.

K hrs. T ro
from urinsry dats from blood levels
0.218 _ 0.054
0.132 0.213
0.176 C.0605
0.156 0.134
0.168 0.159
Mean* 0.17C+C.C11 0.,124+,0.030

Mean*+ standard error of the mean
t = 1.28
from tables, at P = C.05, t = 2.31
There is no significant difference between ro, and K.

Table 5.6, Comparison of ry from blood levels and K

from urinary excretion rate data, both after I.V.

in‘ection.

This result confirms that the post-ecquilibrium rate of
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drue decline in the blood is nroportionsl to the drug
concentretion in the blood.

3) Effect of anesthesisa.

To test whether the unusual effect observed with
the urinary excretion rete deata after I.V. injiection
was due to the anesthetic, the dose was administered
I.V. efter the rat had recovered from the anesthesia.
In a1l rats, the rate nlots were of a similar shape
to those obteined with snesthetic, and the K values

did not differ significantly, Fig. 5.10; Table 5.7.

¥ hrs. T K hrs.
with anesthetic without snesthetic
C.218 0.118
0.132 0.214
0.176 0.141
0.156
0.168
Meen* = 0.170+0.014 0.157+0.0C29

*¥Mean+ standerd error of the mean.
t = 0.445
from tables at P = 0.05, t .= 2.45
The velues are not significently different.

Table 5.7. Values of K after I.V. injection with and

without anesthesis.

It was assumed, therefore, that the anesthetic wss
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probably not the cause of the unusuasl effect after
I.V. administration.

4) Effect of increassing and decreasing the dose.

Sulfonemides ere bound to nlasma nroteins (Anton,
1960,1261) and have been known to cryvstellise out in
the kidney (Welson, 1961b). To determine whether the
initial slow excretion rate observed after I.V.
administration was due to these effects, the dose was
increased and decreased to 30mg. and 7.5mg. in GC.oml.
end administered under anesthetic via a femoral vein.
The rate pnlots were of a similer shane to those
obtained with & 15mg. dose and the K values did not

differ significently, (Figs.5.11 and 5.12, Table 5.8).

¥ hrs. T ¥ hrs.” K hrs. '
7.0mg. dose 15mg,udose 30mg. dose
C.175 G.218 0.155
0.139 0,132 0.274
0.182 0.176 0,173
0.197 0.156 0,226
Mean*0,173+0.013 0.171+0.018 0.2C7+0.027

*lean+ standard error of the mean
Analysis of variance was carried out on the three
sets of values.

Table 5.8. K values for the 7.5mg., 15mg. and 3Cmg.

doses administered I.V.
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After acdministration of the 7.0ms., 1l5mg. =2nd EC0mg.
doses I.V., the excretion retes reached thelr maxims
after about 90, 9C end 60 minutes resnectively. It
could be assumed, therefore, that the unusual effect
wes probably not due to ssturation of binding sites
in the nlasma or closelv associated tissues, nor was
it due to the saturation of excretory processes in
the kidney.

85) Effect of increesing the dose volume.

Because the solubilitv of sulfadimidine is low
gt phvsiologicel nil, there wes the vossibilitv the
drug was crystallising out after injection to give =2
denot effect. However, on exemining & mixture of
blood and a solution of the drug under the microscone,
no recogsnisable crvstals of sulfadimidine could be
seen. To confirm this the dose volume was incressed
threefold to 1.5ml. 2nd acdministered I.V. under
enesthetic, vie & femorel vein. There was no chenge
in the shane of the rate nlots, =nd the X values
obteined did not differ sisnificently from those
obteined when the volume was only 0.5ml. (Fig.5.13,
Table 5.9.)

That is, the shape of the curve is nrobably not

due to the drug crystallising out in the blood.
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¥ hrs. ' K hrs, )
O.5ml. dose volume. 1l.5ml.dose volume.
0,218 0.183
C.132 0.231
0,176 0.085
G.106 0.216
¢.168
lfean* 0.170 + 0,014 0.179 + 0,033

*#Mesn + standard error of the mean.

t

0.276
From tables, t = 2.27, at P = C.05

Table 5.9, K values for dose volumes of 0.5ml. and

1.5ml., after I.V., injection.

8) Two compartment analyvsis of blood levels.

As can be seen from all semi—logarithmic nlots
of blood levels versus time, the drug showed = two
compartment tyne behaviour exemnlified by the bi-
exnonential curves, Figs., 5.14, 5.15, 5.16. In =all
cases the initiel distribution phase was extremely
ranid with the plots becoming linear after onlyv about
thirtv minutes. For this reason the blood semnling
was continued for sbout two hours. 1In each case there

wes little or no metsbolite in the blood, indiceting

one of two =sctions;
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1) Metabolism mav occur in the kidney.

2) The elimination and/or diffusion constants of
the metebolite are much larger than those of the free
drug and the metabolite is removed as renidlyv as it
is formed.

~ The gxnerimental data wes nrocessed as mentioned
iniChapter 4, Section’'4~2 and the values are shown in
Teble 5.1C.
In 211 but rat (2), Ki5, the diffusion constant

into the tissue compnartment, wess about twice as larece

as k the diffusion constent out of the tissue

21°
compertment. There seemed to be & trend toward the
rete constant for eliminetion increassing as the init-
iel plasma concentration increased. Ill was large
compared with T'o, accounting for the ranid distribu-
tion phsase.

The standard deviestions of the generated nara-
meters ere large, but this is more nrobably due to
the scatter of the exvnerimental points then to a
devietion from the model. As Turco et al (1966)
noint out, exverimental error 1is ekhibited by scetter
in data, such as obtained here, while deviations

from the model give rise to consistent areass of noor

fit in certain parts of the experimental curve.
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Table 5,10, Computed values of qu

Rab
o, .

1
£=0, 458
2
£=0,476
3
£=0,428
4
£=0,523
5
£=0,429

0,188+0.113
0,298+0.083
0.372+0.282
0.421+0,121
0.531+0,147

0. 362:0.058

k. #
hrs? MW

oot

21.97+3.7

3,192+1, 384

12.38+8.93

14.43942,91

14.9312.40

and ¢°

, bthe initizl plasma

WNPP,A.H”H»P.HU 2 Wmu.

k % 1
E.mw T

8.88540. 57
845612429
6,083+2,05
6.813+0,78

6.53910.77

13.372+3,017  7.37610,56

# Values + the standard deviation, generated as in Theory

$ Mean + standard error of the mean,

D

concentration in fag./ml,

am #

pealile
247.8+24.27
1/8,219.84
357.8+141.2
265,0+26,87

258,117,789

25564133.3

30.989

11,387

18,714

21491

21.841

20,88+3,2

Section e

s

s s ate

0,054

0,213

0.0605

0.134

0.159

0,12410,03
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7) Acetylation end Deascetvlation

A dose of 16mg./3ml. of the N-4 acetvl sulfedi-
midine wes administered I.V. to the rats while under
ether anesthesie.

Cn nlotting the logsrithm of the rete of
excretion versus timé, a streight line wes obteined
(Fige.5.17), showing  that the level of the metabolite
in the blood falls exponentially. This behaviour
of the metebolite, therefore, could be expleined in
one of two ways;

1) The passage of the metabolite obeys a one
compartment model,

2) The passage of the metsbolite obeys = two
compartment model, but the initiel distributive phase
is so repid thet it does not show on the grenhs.

&) Celculetion of k? from Urinary Excretion Data

after T.V., Injection of the Free Drur.

There are three accented methods aveilable for
the calculation of Kos
1) Iterative method of Nelson (19€1b)

2) "Rete versus emount" method of Cummings et al

(1967)
3) The "Terminel Ratio" method of Cumminecs et al
(1967)

The second method is besed on the equation;

Al = kolin

i
L

d

1

c*
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LOG RATE OF EXCRETION
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Plot of logarithm of the rate of excretfion of fotal drug
versus the midpoint of time of collection of urine
Rat- 2 Injection of N-4 acetylsulfadimidine

IV. I5mg./1/2ml.
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that is, the rate of excretion of the metabolite is

nronortional to the metabolite level:

oQ
il

b o 1”’1 — E""'}T

wnere o _L<D - M )
N U U
.,“U

As elready mentioned, there was little or no
metabolite present in the blood. In using this
method it was assumed thst the metebolite was removed
as renidly as it wes formed., Hence, this indirect

method of calculating M. had to be used.

B

b) Values of k, k] and k?i
These values are listed in Table 5.183.

k hrso_lsafter k]hrs@_lgnfter k?hrsojl,after
injection V injection inijection
of metabolite of free drug of free druc
0.719 0.090 2.048
0.710 0.082 S5.774

0.629 0.086
0.697 0.068
0.718 0.071
Mean*
C.694+0.014 C.076+0.005 3.911+1.863

*Mean + standard error of the mean.

Table 5.13. Comparison of wvalues of k, k. and k

1 2

from urinary excretion data.

The velues of k, k, and k., were significantly

1 2
different from esch other.
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c) Descetvlation.

There wes a significant smount of deacetvlation
in all the rats studied. The longer the drug remained
in the body, the greater the nercentage of deacetylation

(Tﬁbl; 53140)

Ret 2 Ret 4
Time  Lree drue % Time  Lree drug %
Total drug. Total drug.
in ~after injection in after injection
hrs. of metabolite hrs, of metabolite.
0.48 0.554 0.22 C.824
0.96 1.171 1.01 1.051
1.48 1.860 1.87 2.219
1.98 2.103 2.82 4.370
2.48 3.427 3.86 7.398
3.00 4,011 4,33 23.484
3.50 8.695 5637 3C.208
4,00 7,361
4,47 9,385
5,03 11.607

Teble 5.14., Percentages of deacetvlation st various

times after injection of the N-4 acetyl sulfadimidine

assuming 1C0% metsbolite,
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Chenter

Discussion.

6~A) Metabolic studies.

1) Thin layer chromatogsranhy of urine semnles.

The main excretory oproducts of sulfsdinidine in
the rat were found to be the free drus =and its N-4

acetyl derivative. Two snots were tentatively

identified 2s the N-4 giucuronide and N-4 sulfemste,
but were minor metebolites. Acetylation of the
aromatic emino group 1s & common metabolic trans-
formation of sulfonamides end the nercentese of acetvl-
ation obtained is governed by the drue and species
used. (Bridges and Williams, 1963: Bohni et al, 1969

Bridges et al, 1969.)

2) Percenteges of excreted nroducts.

The dose was increased from 25mg. to 100mg. and
the 'f' values found for each level. (Tsbles 5.3 and
5.4.) TFrom the t-test performed, the difference
between the two 'f' veslues wes attributed to chsnce
end there was no significant difference between the retios
obtained 2t the two dose levels., Table 6.1 shows the
mean values of the free drug, end total drug excreted
into the urine after 24 hours and the ff' values

obtained st the two dose levels.



Free Totel
Dose Drug, mg. Drug, mg. i
2omg. (6)* 4.462 1C.822 C.467
Range | 1.908-5.88 2.218-15.3875 (,332-0.582
10Cme. (9) * 14.898 205,277 C.422
Renge 8.18-22.165 17.834-54.625 (0.318-0.567

*¥ The number in brackets is the number of animels
used in each experiment.

Table 6.1. Mean values of free drug, total drus and

'f' obtained after orel dosage of 25mg. and 100mg.

Drucker et al (1964) noted that the extent of
acetylation of nara amino benzoic acid (P.A.B.A.)
decreased as the dose incressed. Levy (1965) noted
that the rate of coniugation of salicylic acid with
glycine reached & meximum as the dose of drug was
increased. In each cese the reletive decline in
metabolic efficiency was correlated with a saturation
of the drug metabolic system a2t high drue concentra-
tions. The kinetics of the metabolic reaction
changed from anpnarent first order to zero order
beheviour with increasing dose, analogous to the
enzvme seaturation in classicel Micheselis-~Menten
kinetics. If such a seturaetion occurs then f, the
fraction of drug excreted free, should increese with

increasing dose, (lMclMahon, 1970).
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After a four fold increese of dose, sesturation
of the metebolic and excretory nrocesses involving
the drug is unlikely.

6~13) Phermecokinetic Studies.

1) Comnarison of the routes of edministration.

2) After =211 three forms of dosage, the cumuls-
tive nlots were similer. An annarent slow initial
excretion phase (Fig.5.6) after I.V. dosege was
surprising since immediste fast excretion from the
more concentrated 'I.V. pool' would be expected. The
rete nlots anneared to be the same shape after each
method of administration, confirming the initial slow
excretion rate in the I.V. cese. (Fips. 5.5,5.6 and 5.7)

b) The initial slow excretion rate msv be due to
renal inhibition, a direct result of the injection
technique. It wes noted that when rabbits were
submitted to stress, there was a siFnificent decrease
in blood flow to the kidneys, resulting in a decrease
in urine formation and flow, (Brod and Sirota, 1949).
Tt is conceivable thet rats under a similar tyvne of
stress, either =snesthetic or restraint, will exper-—
ience & similar decresse in blood flow, resulting in
the slow excretion rete.

The chief nroblem with the "rate method" is that

it requires somewhat more noints than the "sigme-
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minus method" (Rray et al, 1951) because urinary flow
fluctuations ceuse greater deviations in & log. rate
than in a log. sigma minus nlot.

The rete method geve consistent results from
rat to ret. Therefore, it wes decided to use this
method rether than the '"sipma-minus method" or a
combinstion of the two.

c) Cne comnartment rate constants from urinary

excretion date.

o [y

Celculated rate constants are listed in Table 5.5.
The ¥ values from each form of dosape did not differ
si?nificgntlyo Tn most cases the values of kl and kg
ere sbout the seme, that is, the sulfadimidine is
about 50% scetvleted. The K vealues =re obteined from
the secondary linear nortions of the reté nlots, when
sufficient time should have nassed for anv absorntion
end equilibration nhases to be comnleted.

Various experiments were attemnted to find en
exnlanation for thé unusual initial, slow excretion
rate observed after I.V. injection.

2) Plood level work.

The plots of the logerithm of drug level in the
blood versus time 1ndicated that the drug followed
two comnartment behseviour. The biliexnonentizl curves

obtained from blood level deta were similar to those
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expected from 2 two comnertment model.(Riepgelman et al
19688s). There was no rise or other discrepancv in the
blood level pnlots to account for the initial, slow
excretion rete into urine after I.V. in’ection. The
unususl effect could be due to the excretory nroces-
ses of the free drus and its metabolites from the
kidnev,

a) Comparison of ¥ from urinery excretion datsa

and r2 from blood levels.

In the theory section 1t was shown that a value
of X could be obtesined from the slone of the blood
level plot. IT the data were fitted to a two compart-
ment model, ro was obtaeined. The values of K and rg
were not significantly different even though the
former wes obtained from urinery excretion data.(Table 5.6)

As can be seen from the rate plots (Figs. 5.5,
5.6 and 5.7) and blood level plots (Figs. 5.8 and
5.9), there was less variability in the blood level
work than in the urinery excretion data. With the
techniques emnloyed constent volumes of blood could
be taken, whereass with urinary excretion work the
rats were not sedated, and as such were subjected to
& certain emount of stress, »nrovoked by the method of
urine sampling. The stress led to urinary flow

veriation, and could lead to the same urinary
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()

S

retention experienced by rabbits.(Brod

JAY]

nd Sirotsa,
1949). Vowzver, sufficient numbers of urine samnles
were taken to enable the slones of the linear nortion
to be found by regression anslysis.

2) Urinerv excretion deta was studied in verious
experiments in an attemnt to exnlain the initial slow
excretion rate after I.V, injection. In all cases
the shavnes of the rate nlots were the same and the X
values were not significently different. Table 6.2

lists the experiments and conclusions.

Experiment Conclusion
2) Dose edministered Initial slow excretion rate
with asnesthetic not due to anssthetic*
b) Tose increesed Initiel slow excretion rate
and decreased not due to sasturetion
c) Dose administered Tnitiel slow excretion rate
in large dose volume not due to crystallisetion

of sulfedimidine

Table 6.2. List of exneriments to exnlain initial

slow excretion rate, end conclusions.

*¥This is in sgreement with Anton (1961), who found
thet brief exposure to ether did not alter the
distribution of sulfonamides in rats.

4) Two compertment snalysis of blood levels,

The sbsence of metabolite in the blood may be
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explained in several ways. Metabolism may occur in
the kidney or in some other compartment not directly

connected to the central compertment, but directly

W)

connected to the excretorv comnertment. DRenzi et =21,

(1968) and Hertiesle enéd Terho (1965) heve noted that
the kidney is cepable of metabolising drugs.

Another explenstion mey be that the metabolite
was removed as repnidly as it was formed. Calculated
values of k2 were vary large comnared with kBo
Desponoulos and Sonnenberg (1967) stated that in vitro
scetyl sulfadimidine was actively trensnorted by the
kidney whereas sulfadimidine was not. If this is the
cese in vivo, a comparatively lerger amount of
metabolite would be removed and the near esbsence of
the metabolite in the blood would be exnlained. To
confirm such & theory woull necessitate the simult-
sneous samnling of blood and urine and with the present
techniques this wes not onreacticeal.

The comnuted values of the two compertiment
neraemeters are shown ianeble 5.,10. The standard
deviations are lerse but as cen be seen in Fig., 6.1,
there are no definite areass of vnoor fit.

9Y Comnerison of one and two compartment nars-

meters.

From one and two compartment models, the
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parameters kl end km cen be compared to determine
whether there 1s any relstion between the two,
Teble 6.8,

From blood level date;

ki + kg = 75 (1)
end rof =k, (2)
end k, o+ k =k, (3)
end .k 4f =k (4)

In no case dicd the retio kl/km epnrosch unity.
Riegelman et al (1968a) heve criticised the one
cocmpartment model a&s not being comnstible with
phvsiological facts. If this is the case, the value
of kl is misleading and km should be used as a measure
of the metabolic cenacity.

From equetions (1) and (3), kl and km are relsted

to r, and kel resnectively. kel is the elimineation

2

rate constant for the two comnertment model. g
includes both distribution end eliminetion and is

referred to =2s the "disnosition rete constant".

(Riegelmen et al, 1968a). k_, end r, mey be related

&

by the ecuatilon;
0
k = (C./83) r
. 0 R .
The ratio Cﬁ/B celculated from r, and kel generally

ranges from 1.5-2.5. In this cese, the values are

higher,;>8,0, indicating thet sulfadimidine distrib-

utes into the peripherel comnertment to a2 large degree
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Table 6,3, Comparison of one and two

compartment parameters from blood levels,

Rat X hrg, ™ wwswm.xw
Ho., 2 i

1 0,025 0.029

2 0.101 0.112

3 0.026 0.035

4 0,070 0,064,

5 0.068 0,091
Vean & 0,058+0,014 0.066+0,014

k :ﬁmqlw
u

0,086
0,142
0.159
0,220

O.wmm
0,167-+0.024

# Mean * standard error of the mean,

k me.lw
m

0,102
0.156
0,213
0.201
0,303
0.195+0.033

Ww\pmu
0.284
0.718
0,163
0.318
0,300
0,357+0,094

Table 6,4. Clearances of fres drus and metabolite caleulated from blood levels.

Rat Vp Vp/Body
No,, mls, Weight,%
1 60,53 13.5
2 101.23 2265
W NL.e@N .HOOW
4 56,60 14.2
5 58,12 13,7

Mean # 63668+9.93

C awm.\
me,

—— s

0.103
0,263
0,149
0,190
0.294

0,200+0,035

# Mean T standard error of the mean.

oaﬂwme\
Mllle

—— Ll e .

00,0868
0,239
0,111
0,208
0,221
0.173+0.030

Total plasma clearance
C. * QE nls,/min,

£
0,1898
0. 502
0,260
0,398
0,515
0.373+0.064



6) Volume of distribution and clearance of drug.

The volume of distribution, Vn, wes found from

\ o)
the formule, Vp = Dose/an The clearances of the drug

end 1ts metabolites were ca2lculated from the formulee,
(MclMehon end C'Reilly, 1971).

Tree drug clearance C, = kK. .VD

Metebolic clearance, C_ = ko Vn
pusy i

The velues are shown in Table 6.4,

Riegelman et a2l (1968b) stated that the volume
of distribution was a perameter of the model used
and, therefore, chenged with it. The clearance is
also en indirect model vnarameter and is not, there-
fore, too reliable a2 measure of the ability of the
enimel to remove the drug from the nlesme. However,
Rigrs (1963). nointed out that "™ the magnitude of the
rete constant (of removal of the drug from the
compertment) denends s much unon the volume of the
compertment as it does on the effectiveness of the
process of removal." The clearance, therefore,
nrobably provides 2 better basis on which to compare the
retes of metebolism of relested drugs in the same

species, (MclMehon and C'Reilly, 1971)
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7) Acetvlation and deacetylation,

After I.V., injection of the metabolite, N-4
scetyl sulfadimidine, a2 nlot of logerithm of the rate
of excretion versus time gsve a streisht line. That
is, the pnassage of the metabolite obeys 2 one com-—
nartment model or it obeys & two comnartment model,
but the initiel absorntion end distribution nheses
are so repid that they do not apnear on the grenhs.

The values of k, kq and k, are sisnificently

1 2

different, indicating that they may renresent three
different steps leading to the excretion of the
metabolite into the urine.(Teble 5.13.)

Krebs (1947) end Smith snd Williams (1948)
hypothesised that the amount of acetyl metabolite
excreted depended on the relative activities of the
acetylating and deacetyleting systems; generally the
former is more efficient. It was shown that descetyl-
etion does occur to a significant extent in rats when
N-4 acetyvl sulfadimidine was administered.(Table 5.14.)

Urinary excretion desta has been used to study
the phermacokinetics of sulfadimidine in the rat.
After T.V. administration, the initisl excretion
rate wes surprisingly low and various experiments
were carried out to determine the ceuse. Water was

administered to a group of rats every hour for four
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hours before injection to maintein & more constent
urine flow, end other exneriments indiceted theat the
unusual effect was not due to saturetion, anesthesie
or crystallisation. The exneriments did not discount
the nossibility of the effect being due to a combina-
tion of the ahove.

Blood level datsa indicated a2 two compartment
model but did not give anv explasnation of the unusual
slow initial excretion rate given by urinary excretion
deta sefter I.V. in’ection. The letter method wes
used more often beCQuse of the ease of the technicues

emnloved.
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6-C) Simuletions.

As shown in Chenter 4, Sectlon 4.4, a two
compartment model with absorntion gave a mathematical
solution with three exnonential terms for the amount of
drug evcreted into the urine. The simuletions were
undertesken to determine the accuracy of narsmeters
estimeted granhicelly from triexponential curves.

Artificial dats were generated according to equation
45, Chanter 4, Section 4.4, using selected velues of K s
which were 2ssumed to heve sufficient scone to include
noted values of sbsorption retess of sulfonamides.
(Foizumi et al, 1964a; Turco et gl, 1966.) Values of
k jie and ke were rendom selections. (Table 6.05a,
Assipned Values.) The artificiel date were 2nalysed

eraphically using rate nlots.(Fig.6.5.)

X Drimery curve
@ secondary curve
LA tertiory curve

C slone=k_/2.202
log rate of
excretion

A

B

time units
Fig.6.5. Theoretical log. rate of excretion versus mid-

noint of the time of collection. In this case, r.%r,>kK._.
: [V A ST -
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drawn

We s throush the lest few noints

ER

U

to The

the co-ordineste axis. last few
assumed to renresent the "slowest term'
in this case the absorpntion of the drug, and its
coefficent and rate-constant found from the intercent
and slope of the straight line.(Riggs,1963) Values

of the last term for each of the esrlier lying above

the observed line can be read from the straight line,

o

These values minus the observed rete values gave =
series of differences which-gave the secondeary curve
when plotted on semilog. nener. By~ reneatin~ this

nrocedure the tertiarv curve wes obtesined.(Riggs, 1963

The cumulative deta from which the rate nlot in

)

FiF.6.5. was derived, can be renresented bv the eaustion;

Dy = AL - 1Y L om(1 - eT2Y 4 o1 - eTKRY)

where k .k D (k r.)

A= _2 €0 21 1 (6.2)

rl(kA - rl)(r2 - rl)

kaokpaDo(k91 rQ)

B = ——— - = (6.3)
rolk, = ro)(ry - 15)
k a}’.{ e |/ (k k)

o o= a e “o 21 a (6.4)

_.1 — e

ka( I‘l l{é}) (I'? 1\.‘&)

In the case of Fig.6.5., k

a

was the smallest

constant innut and was found from the nrimery curve.
By the method of residusls, the secondary curve was
generated. The"vorimary" slone of this curve gave ro,

the second smallest constant. Again by the method of

(6.1)
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residusls on the secondary curve, the tertiesrv curve

was generated. The slone of the tertiary curve gave

m

+

T, he lergest constant. As shown in ¥ig.6.5., the
intercents of the &traitsht Lines gave A,B 2nd C.

Assigned and granhically estimated values of
ry,To and ka are shown in Tables 6.6a2 and 6.6b. As can
be seen from Tebles .62 and 6.6b, the estimates of ry
were subject to grest error. Ressonable estimates of
ka and r, were obtained, It was honed to submit this
data to computational analysis using a DFUNC subroutine
incornorating eouatioﬁ (6.1). However, such a sub-
routine would not accurately fit the data.

Values of ke and k were calculated from

21

equations (6.5) and (6.6) which were derived from

equations (6.2) end (6.4).

C(r1 - ka)(r2 - ka) Arl(k - rl)(r2~r1)> 1

ke = ( + a
Dy | kaDo <rl_§a)
(6.5)
Clr, - k) (rys -~ k)
1 a 2 a’ . kpke |

Koy = D, (6.6)
k
e

The constant klo was found by substitutine values of

k21, ke and rginto equation (6.7).
r. = 3k, +k -+k - //(k +X o +k )2 - 4.,k .k (8,7)
2 A2 T2l e N T12 721 e *tetT21 °

Eouetion (6.7) wes derived from the ecquestion for ry

cenerated in ‘Chapter.4,. Section 4.4.
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Teble 6.6, Assiened and crenhicsllv estimeted vealues

s .
Simulation r " " hnii%yl
~ 1 2 a
Set
1 2.1 0.35 0.10
2 2,15 C.35 0.60
3 2027 .53 0.60
4 2.40 C.11 0.25
S 2.65 0.15 0.25
6 2,68 0.15 1.00 TR
7 272 C.89 C.60 IR
8 3.73 Q.27 1,00

Teble 6.6b. Craphicel estimetes of narameters.

Simulation LT
Ty Ty k _unats”

Set S o

1 ©.48 0.29 0.183
2 1.50 - 0.34 0,70
3 1.01 0.75 C.48
4 0.82 C.10 C.24
5 0.39 C.16 0.26
6 3.78 0.12 1.18
7 12.76 1.46 0.61
8 2.14 .27 1.20
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Plots of cumulative smounts of drug excreied

into the urine versus tiLe.

1060 4 , et
KT

v, ‘:/;(’ -
N I/

-~

Units .

80 1 {/ \
Excreted

AV]
N

Fig.B8.2. Simulstion Set 8.

Y - indicete originsl ncints.
e

Line indicetes comnuter gener

1C04

80~ x X
Units
80 X

Excreted % Fizgefe3. S

o< .
40+ /
q .
</ Set 6.
yd
20 $/
L 4 1 3 e -

rd
ot e
>

N TN
Plme vnies

. s .. 5 .

7 3 . | N

¥ - 1ncdicatles riLginaid 201ntS.

T.ine indicates comnuter cenersted curve.
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8]

Crephice stimate ] Koo, nd k g
Orephicel estimates of Koy Xy0s k21 end X, are

listed in Teble 8.5b. The errors in kl , kK and. k&

O

o
reflect the errors in the grephicel estimates of Ty

=3

he granhical estimetes of the narameters were

used ss input for 2 computer program which incornorated
equation 45, Chapter 4, Section 4.4., in the subroutine

DFUNC (DO was made ecual to 100 units for this program).

By using this procedure it was honed to generate
computed values e@ual to the original velues of the
narameters. (Comnuted values + the stendard deviations
are shown in Teble 6.5c.)

The staendard deviations of the parameters were
smell except in simulation set 6. The original points
and computer curve corresnonding to simulation =set 6
ere shown in Fig.6.3. The noor estimates of the
parameters and lerge standerd deviations are reflected
in the deviation of the originasl points from the
computer curve.

Tig.6.2 shows the original noints and computer
curve corresnonding to simuletion set 8. Here, the
accuracy of the parametier estimates and the small
stenderd deviations are reflected in the lack of
deviation.

The computer orogram used, employs an lterative
techniocue and twenty iterations are recommended as

sufficient for reesonably accurate estimations. In the
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Plot of oumuTatiYg smounts of drue excreted into

the urine versus time. Simulation 4.

(Fig.6.4.)
100 A
90 1
80 1 —
Units | ' //"
70 1 -
Excreted //K/”(
60 1 e
/
e

50 X

20 o %/

10 -

T H ¥ T H k] H i K

2 4 6 8 10 12 14 16 18
Time Unitss
X - 1indicetes oririnel noints.

Line indicates comnuter senersted curve,
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above ceses, unto sixty iteretions were used.

In simulation sets 1, 2, 2, 5 and 7 onlv

-y

reasonable estimates of the originsl narsmeter-values
were obtained.

In simulation set 4, the computer has not

drasticelly changed the innut values of the narsmeters,
the standard deviations ere extremely small and there
1s no deviation between the original noints (experimentsal
noints) and the comnuter curve.(Fig.6.4.) The computed
parameters are, however, grossly inaccurate. In such
2 case, with exnerimental dats these results would be
accentable in that workers would not know the real
values of the parameters. Also, workers tend to have
faith in their comnuter proecrams and onlv allow =2
limited number of iterations. This arain could lead
to rross insccurecies,

Chiou end Riegelman(1969) and Jusko and Levv(1970)
stated that the constants Ty To and ka could be
obtained from exnerimental dats as in Fie.6.5. The
results cast some doubt on the accuracy of the parameters
obteined from experimental curves of & triexponentizl

nature,




The metabolism end pharmacokinetics of sulfa-
dimidine and the effects of various routes of
administration have been studied in the rat. All routes
gave similar K values from urinary excretion rate data.
An unususl, initial slow excretion rate wes noted after
I.V. injection and sc various experiments were
attempted to discover the cause, viz;

1) The dose wes increased and decressed to 2Cmg.
end 7.5mg.; showing that there wes no annaren
saturation of binding sites.

2) The dose wes administered in o larger dose
volume; showing thet there was no crystallisation
of the drug in the blood. (The dose was also administered
after four hours of weter loading to increase diuresis;
showing that there was no anparent crystallisation of
the drug in the kidney.)

The dose was administered without anesthetic;

showing the effect was not due to the anesthetic.

The blood level data gave no indication of the

¥

cause of the initial slow excretion rate after I.V.

n

injection. Theses data also showed that there was very
little metabolite in the blood =nd that the drue
obeved & two comnertment onen model.

The dsta were fitted using the "NONLIN" nrofsram

]

né the IRM 36C/65 diritel computer.
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