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The bioequivalence of sustained release theophylline formulations,
marketed in the United Kingdom, has been investigated in relation
to the co-administration of food in both single dose and steady
state volunteer studies. The effect of food on pharmacokinetic
parameters and their c¢linical relevance was researched. Experi-
mentation using drug induced modification of gastric motility to
ascertain the component influences of the rate of gastric emptying
on the absorption of theophylline from sustained release formulations
was conducted. Prolongation of time to maximum plasma theophylline
concentration by food reported in the literature and its clinical
importance was investigated in once daily compared with twice daily
administration of sustained release theophylline formulations and
smoking habit. The correlation between saliva and plasma theophylline
concentrations as a means of developing a non-invasive sampling
techniques was examined. Data obtained from in vitro dissolution
studies was compared with in vivo results.

This thesis has shown no significant differences occurred in
the pharmacokinetic parameters measured between sustained release
formulations available in the United Kingdom. The investigations
into the influence of food on prolongation of time to maximum plasma
theophylline concentration and other measured pharmacokinetic
parameters demonstrated no important pharmacokinetic or clinical
effects. Smoking adults taking sustained release theophylline
formulations had similar drug clearances to those reported in the
literature for smokers taking plain uncoated theophylline formulations.
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INTRODUCTION




SOURCE. AND .HISTORY OF THEOPHYLI.INE

Theophylline, a xanthinebalkaloid, dcé&}s naturallyvas an ispmér
of theobromine in tea.\ At least half the world's pébuiéfioﬁ“ﬁriﬁk
tea. It is believed that pal&/'tbig xﬁgn :discovered the principal
caffeine-containing plants thfbﬁghaﬁirrghe world including tea (Thea
Sinensis), a bush native :fb Southern éilnécﬁéna ﬁow __extensively
cultivated in other similar climates. EThe/Ea§iS,fQ? fgé popularity
of all xanthine containing be&éragés /Qési that ﬁhéy 4ﬁad stimulant
and anﬁisoporific actions tﬁat eléﬁatld :ﬁééd;::aécreased fatigue
and increased capacity for work. Legehd E?edits the discovéry1 of
‘tea ﬁo a Chinese Mandarin, who, in a severe drought”éniy\ﬁéd Wéﬁér
into which tea leaves had fallen to drink. Being forced. to drink
the contaminated water, he found it td:Be ?e,réénihg and invigorating,
hence many thousands of yeéfé/;létéf/ Eéél isaf :' fusions are still
consumed worldwide: T -content of :/ii /i/ ir in - tea 1s very
“the normal diet
is coffee (coffee arabica), which céntal %Qg/toiﬁo times the émount
of tneophylline 1in tea. Again, coffee 1is drunk for its stimﬁiaﬁt 

A Prior of an Arabilan convent is given credit for introducing
coffee into our diet. Shepherds reported to the Prior that sheep
that had eaten the berries of the coffee plant frisked about all
night 1long instead of sleeping. The Prior, having difficulty with
keeping awake during long nights of pfayer thgtl/hé héd to endure,
iﬁstructed the shepherds to pick tbé;befri:é:éézi? e might make
a beverage from them. ‘

Theophylline was first synthesised at the time of the great

Germany chemicél iﬁ, s,ry \éxpansion by Traube in 1900. \ Iniﬁially;

its therapeutic. role was seen as;/azjd;uﬁétic- but from 1937 ~it ‘was

used widely for the treatment of asthmatic patients. Theophylline




fell 1into disrepute as it was assbb’f’/i;¢;;th Qi7high incidence of
unexplained  toxicity and inconsistent thé%apeutic effects. Based
on those observations it was thought that the pfoblem was due td
variable absorption because of its :poof; Qater solubility. Hence
aminophylline, the ethylenediaminéZSélt of‘ﬁhe /hylline, was introduced

having been first synthesised in 1908; Otheb/éélts éid derivatives

followed, diprophylline appeared in 1949 followed byj/aCephylline

piperazine in 1949, " etophylline in% 1951, choline’;theophyllinate
in 1954 and proxyphylline in 1956. The impﬁowed,gqlubility‘of micro-
crystalline theophylline was being studied as a means' of “improving
theophylline solubility and bioavailability as recently as  319805
(Jones 1980) .

In 1978 Weinberger et al showedfthat¥théoﬁhylline was completely
absorbed and that -the bioavailability:«of'{ﬁheqphy1liﬁe was related
more to its. formulation thanﬂrSQJUbiiity{ ,  7’£QaS‘:theL individual
variation of theophylline métaﬁgii:/itﬁ“ éleafance that — produced
the varying therapeutic effecf “V, ¢ Pa. of ﬁhafmaookinetics had
begun to ‘unravel the mystery éf Eheophyllineft:and with increased
knowledge it has been re-established as a useful drug in the treatment

of asthma.




CHEMICAL PROPERTIES OF THEOPHYLLINE

Theophylline is 1,3,dimethy1xantﬁiné}“

THEOPHYLLINE CHEMICAL STRUCTURE

The free proton on the N-7 position .makes -theophylline a: weak

acid with a pKa of 8.8 at 23 °C (Merck Index, 9th Edition, 1976).

forms appear.
The water solubility of‘ﬂtheé;

order to Iincrease the solubility&in‘hatéfra number of salts,; ‘double
salts and N-7 substituted derivatives have been produced. Soluble
theophylline salts are characterised by very high pH values in water,
higher than the pKa of theophylline. The solubility is strongly
pH dependent and decreases rapidly when the pH falls below the pKa
of theophylline. At a high pH, salts of theophylline are formed
with the base, as a result of a tautomeric shift ;ﬁ hydrogen. At
physiological pH, theophylliine 1is aweakbase‘and// i':t ;e of exis@ing
as .a salt. Therefore, these ‘Soféalléd‘iéé mplexes are merely
mixtures;. the bases have no pharmacologi/a< ctivity (Svedmyr 1927).
As a result ofJVQifﬁgfemges\rin chemical structure fthe theophylline
salts and N-7 Sﬁbstituﬁed derivatives q1ffeﬁ greatly in their physical
constants (Table 1) (Zuidema and Merkus 1979, Zuidema 1982, Hendeles

and Weinberger 1983).
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PHARMACOLOGY OF THEOPHYLLINE

Theophylline and related alkaloids have several pharmacological
actions. They stimulate the central nervous system and respiratory
centre (Pouwels 1979), produce diuresis equal to that produced by
thiazides (Maren 1961) and stimulate cardiac muscle and bronchial smooth
muscle.,

Theophylline's main clinical use is in the treatment of bronchial
asthma and obstructive airway diseases. Until recently the beneficial
effects of theophylline were ascribed to its bronchodilating, cardio-
vascular and diuretic effects. Since the 1970s the major cellular
actions of methylxantnhines have been investigated. Methylxanthines
have a diverse effect on the immediate type hypersensitivity phenomena
(Pouwels 1979). Perper et al (1973) showed that the administration
of theophylline in mice suppresses the secondary I E antibody

g
response. Methylxanthines inhibit the in vivo and in vitro release

of mediators from mast cells (Pouwels 1979). Schmutzler et al (1984)
found that at therapeutic concentrations, theophylline inhibits
mast cell degranulation with a consequent reduction in histamine
release. Its action on the mast cell seems tc be as an adenosine
antagonist. Although adenosine receptors have been revealed to
be different and widely spread in various tissues, theophylline
thus far has been proven to be a universal antagonist (Goodman and
Gilman 1980). But until the regulatory function of adenosine is
established it is unlikely that the exact mechanisms of action for
theophylline will be elucidated.

Other mechanisms of actioh of theophylline have been proposed
including inhibition of phosphodiesterase which results in delayed
degredation of 3'5' cyclic adenosine monophosphate (Trembath et
al 1979), prostaglandin antagonism and translocation of intracellular

calcium. These effects have so far only been shown to occur at



concentrations above the therapeutic levels normally obtained 1in
man, so they seem unlikey to be the mechanism whereby theophylline

exerts its bronchodilator effects {(Bergstrand 1980, Goodman and Gilman

1980) . At present most of the experimental evidence would favour
the adenosine antagonist theory for the mechanism of action of
theophylline.



THEOPHYLLINE THERAPEUTICS

The relationship between pharmacological effect and plasma
theophylline concentration was first noted by Turner-Warwick (1957),
who observed that symptomatic relief in asthma occurred mostly when
the plasma theophylline concentrations were greater than 10 ug ml~1.
The paper most often cited as showing a relationship between plasma
theophylline concentrations and therapeutic effects, as measured

by Forced Expiratory Volume in 1 second (FEV1), is that of Mitenko

and Ogilvie (1973). Upon giving hospitalised asthmatics intravenous
aminophylline, fcund that improvement in FEV1 was directly
proportional to the log plasma theophylline concentration. A

therapeutic effect was demonstrated at plasma concentrations of
5 ug m1” ' and improvement continued above concentrations of 20 ug m”
but was associated with a higher incidence of side effects. Levy
and Koysooko (1975) also demonstrated that 1if theophylline concen-
trations were allowed to fall there was a parallel fall in broncho-
dilator effects.

The relationship between improved pulmonary function tests
and theophylline plasma concentrations is now being re-challenged.
Rivington (1984), using a sustained release aminophylline product
in a heterogeneous group of 21 asthmatic patients showed an improvement
in pulmonary function tests with the exception of FE\]1 which was
not significantly changed. In asthmatic patients it 1s difficult
to measure a baseline when pulmonary function tests can vary 1in
patients hour by hour (Rees 1983). The choice of a <clinically
relevant parameter of lung function especially in relation to
theophylline plasma concentration is disputed. No improvement
in exercise tolerance was seen in patients with chronic obstructive
bronchitis treated for a week with placebo, low dose or high dose
theophylline, although pulmonary function tests improved (Eaton

et al 1982). Evans (1984) showed, in a placebo controlled trial,
9



that although the dose of the inistered correlated well

with the plasma concentration, no correlation with improvement in -

FEV. or FVC, ‘occurred in ftwenty patients with chronic bronchitis.

Neither effort tolerance nor dég?éé' _éﬁhl@ssness were influenced
by the drug.

In the United States where ir

have not been available until ”Feééhfly;'

be the first line treatment but in the UK where Pé/fecépfér stimulants,

such as salbutamol, have been a ailable for many years, the use
of theophylline has been of concern (Cochrane 1984). Certainly,
many clinicians only use theophnylline to reduce or prevent daily

steroid intake in patients with steroid = dependent asthma (Nassif

et al 1981) or improve the control of péi— _difficult to control

on inhaled B, adrenoceptor Sfimaiéhtsii ne pics (Smith etal 1980).

When its benefits are equated potential toxicity, the use

of theophylline in chr bstructive airway diseases

is debatable although MOStx;p,yrléiébsif}épobt a greater sense of

patient well-being, possibly reléféd té the CNS effects of theophylline.

TOXICITY

Theophylline produces numerous minor and serious toxic effects
based on its pharmacological actions. The minor side effects are
not necessarily dose related but more serious side effects occur

-1 . -
at higher plasma concentrations, above 20 pg ml . Minor and frequent

restlessness,

side .effects include headaphe,',dizzinesszz-nauséa(;

al inecremental

palpitations and vom1c1ng Al:ho'gh tu:
dosage Fegime to begin théobhyll an help to overcome
these effects, they are common in the first two weeks’and most patients

on long term therapy acqulre tolerance to them.' Toxicity associated

with plasma theophylline concentratigns > 20 pg ml_1 are tachycardia,

insomnia and tremor. Severe toxicity normally at concentrations

10




over 35 ug e est, hypotension
and deaths
The most ~common+ cause of severg,pqx;city”ié\fép7ﬁﬁadminiﬁﬁmatipn

of aminophylline injection. ,Am%hépbyjiiﬁ' ould be infused over

20 to 40 minutes to ayoidaééygneitokiéisym/ but often in the

turmoil of treating/a;patient,w;znistatésiaélbmaf infusion

ed release

period:sis more papidgﬁilhﬁpatiénts;alreadf

theophylline preparations :wbEnj/admihﬁed;a:ad?;‘i’ nfusions of
aminophylline have proved-fatal (Wiggins et al .1984). Among infants
and small’ children severe  .toxicity including death has occurred

as “a “result of therapeutic ‘misadventure - often  where © multiple

administration of suppositorieshas been Jinvolved (Nolke 1956).

Individual variation -in theophyllinex;fij :éhég?;between patients

makes monitoring: of theophyLlinet plasmén ThﬁratiQns mandatory

following acute or c symptoms are

to be avoided (Cechra

1



THEOPHYLLINE PHARMACOKINETICS

ABSORPTION

In 1977 Hendeles, Weinberger and Bighley presented a paper at
the American Society of Hospital Pharmaicsts' mid-year clinical
meeting in California which showed that theophylline in solution
and as a plain, uncoated tablet had 100% bioavailability. They
conducted an experiment on 20 adult asthmatics comparing plain,
uncoated tablets and theophylline solution with intravenous amino-
phylline. Both preparations were found to be 100% bioavailable.
Farlier, Mitenko and Ogilvie (1973) had conducted biocavailability
studies on a sustained release formulation of theophylline, Theograd,
and found it to be 77.1 I 5.4% bioavailable. The Mitenko and Ogilvie
study was conducted on five volunteers whose percentage bioavailability
ranged from 59.2% to 91.6%. With such a range of values 1in five
volunteers and no statistical analysis to show any significance,
the problem of theophylline absorption was still thought to be more
related to the drug than its formulation. It was not until 1978
when Weinberger et al published a study on the bioavailability of
theophylline from uncoated, enteric coated and sustained release
formulations of theophylline that the relationship between formulation
and bioavailability was shown. In all but three formulations,
theophylline proved to be 100% bioavailable. Unfortunately, in
those three formulations, Aerolate, Theobid and Aminodur only 4,
6 and 5 volunteers respectively were used. This was not a cross-over
study and different individuals received different formulations.
In the discussion Weinbergeret al did suggest that this could only
be taken as an indication of inéomplete absorption.

Subsequently, Upton et al (1980) found Aminodur to be 100.2 T 19.8%

bioavailable. Spangler et al (1978) confirmed Weinberger's

12



et al = (1978) data on Theobid, % bioavailability

respectively) but disagreed about the ormulation.,Aefolatggfihﬁimgq

it to have ‘only’ 48% bioavailability compared with 81.0% reported

:a;,ggain only performed

by Weinberger et al (]978),;‘}55 gl

bioavailability studies /,,o’;j:f5,; ;;’v,,amr’n;eégs: fo heobid and Aerolate,

insufficient to make a statistically valid evalua: s especially

later, Upton et al (1982), Weinberger et al (1« _and Szefler

(1984) were to show the importance of _inter jépg ntra subject
variation in theophylline pharmacokinetics when conﬁucting standardised
studies.

Of those products on the UK market, Theo—DurshaSubagn\ansistentlyw

reported to have good bioavailability but the range varies -from

87.7% (Saccar et al 1983) to ,Qyéﬁf’]Q/ “Spéngler et al:; 1998,

Fagerstrom et al 1981,,,Bafré££}'gﬁd‘ 981).  As Theo-Dur

tends to be used as ompafiéon‘ with other

sustained release formul. ioavailability studies

have been performed, The percentage ,fiabifity,of 87 .7% reported

by Saccar ‘et al (1983) is  15¢5531stéﬁﬁ7 with most “other :reports
(Paulsen et al 1983, 93%, Fagerstrom and Heintz 1983, 94.0%).
This trend of a range of bioavailabilities is true of other producp;\
on the UK market. Slophyllin has been studied by Weilnberger et
al (1981), Spangler et al (1978), Upton et al (1980) and Conard
et al (1682). A total Qf 35 ;ubjects ;n these four studies have
produced values for bioavailgbility rénging rfppm 75;0% (Spangler
et al, 1978) to 111.0% (Weinberger et:al 1981)f/§b§ilqééntin (Levitt
and Kann, 1980, Paulsen et al 198§, VFéggnstromg:gna Heintz, 1983),
Nuelin SA (Jonkman et al 1981; Conard;ét;ai/1§82, Harrison et al,
1982) all show similar patterns of /reported bioavailabilities.
Only Theograd with one known reported bioavailability of 77.1% 5.4
by Mitenko ‘and Ogilvie (1974) and Tedral SA, (59.0% reported Dby

+

Spangler et al, 1978 and 76 = 18.4% reported by Upton et al, 1980)
13



have not been reported £to. f‘r,aékv“ ity The Spanglerp

and Waxler 1949). Upton..{

not monitor the effect of ephedrine 1

Hendeles. and Weigéérggéga(
methods of detenminingfﬁééaQailab;li;ygpf,sustai
products. Until then fhe studies had 5eén difféféptiénd difficult
to. compare. More .accurate assays..had. been ¥g§yéléééd, and authors
were :beginning -to analyse their data,using,yalid,statistigal”metggq§r
In. a review paper, Hendeles et . al. (1984) Cohnelaﬁ@gy the “datéuxfrém
previous studies and used the /Lechgigyg,Hgﬁ//estimating the fraction

of drug absorbed (Wagner-Nelson 1964) to compare the sustained release

shown to have low bioav

which are on the UK market, owed between 90% and 100% bioavail-

ability.

DISTRIBUTION

Following either intravenous administration or absorption from
the gastro-intestinal tract, theophylline distributes rapidly into
peripheral tissues other than fat (Hendeles et al 1980) . It freely

crosses the placenta (Arwood et al 1979), is found in breast milk

(Yurchak and Jusko 1976) and crosses: the blood brain barrier (Goodman

have been

and  Gilman 1980). Theophyllin@f:sélive, gonpeni/

shown to be in -a fixed ratio;fwifhffsééﬁﬁikjjééégﬁrations (Galant et
al 1977, Goldswop;hyggp\g;w1981 and/thkmgg;étgél 1981) .

Since only 6O%Oof %ﬁe'd%ugyin serum 1s bound to proteins, small
changes in the degree of bindiﬁé*zéér4not have a significant effect

upon the concentration of free theophylline. In premature neonates
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and in the presence of acidaem a g is reduced (Hendeles

et al 1980).  Theophylli e oo

oes not concentrate i

and thus any binding that may »oc’yf* is readiiy\ ré&éfSibié; \];Thé

itenko and Ogilvie

distribution follows a two compartme
19720 . The o or early distrib fiép;;phaLéf ompleted within 35

sequence most

to 45 minutes after an intravenous dose.

eir kinetic

investigators apply a one compartment open rmodgi

analysis.
The - apparent volume of distribution at steédy state averages
0.5 1 Kg_1 body weight (Piafsky et al 1977 and Jenne et al 1972),

and is not affected by sex (Powell et al 1977), age frpmjj to 87

years, although it tends to bDe larget/ in neonates (Aranda et al

1976), cigarette smoking (Hunt et al /Pdﬁélli_et al 1977) and

A slightly larger

cirrhosis was reported by Piafékyret ai,(1977),

15



THEOPHYLLINE METABOLISM AND}ELIM

Theophylline undergé§§ }ﬁxténSLVe ‘metabolis

and Christman . reported - the re
and intact
metabolised
with. only. 13% of tb;e,béhyllfi;ne;;agpeaﬁin,g uncb d in the urine.
A metabolic pathway was  proposed. by Taﬂg-hlu 4

The metabolic pafhwéy’f@f?ibépébyi;iﬁet;§£4rats and mice

involves  hepatic..microsomal. enzymes .and. xanthine oxidase (Levy and
Koysooko 1976 ). The enzyme -system. responsible in man is not yet
known but it is thought . that: the haem proteins cytochrome P-450

be induced by cigarette

and P-448 are involved. Cytochrome,?—gﬁgi

smoke {Jusko .et al  1979) - to {-/né}glimination half

life. Grygiel et. al A198Q Lérent cytochrome
P-450s care ‘involved i ‘prathéppgylline to 3
:giﬁyolvgd/in_phe 8#hydr©xy—
'f;/yln:premature neohétes,
are. found .in.urine; indicating
the absence of oxidative pathways for  theophylline. metabolism.
(Grygiel et al, 1980). As it 1is known that enzyme systems catalysed

B

by cytochrome P-450 are not developed 1n neonates, this provides

N :

evidence for the existence of such a system in -adults. Urinary

o

theophylline metabolic patterns . are.similarin-older children and adults,

indicating that.the dncreased-.clearance in /ét associated
with induction of a specific pa

Grygiel et al (1979) shoﬁéd hat ubject: eceiving allopurinol

300 mg a\day'imCFeaseqw&;m@thylxanthihe renal excretion and decreased

T-methyluric .-acid . excretion indicating that l-methylxanthine . is

an intermediate metabolite -of ‘tbéépﬁylliﬂe (Tang-Liu et al 19871).
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The premise that the phylline follows a

first order process (Brown et al in recent years, been

re-examined.  Sarrazin et al (1980) and Weihbékge§f5agﬁjfdiﬁc'an§ky \'\

(1977) have demonstrated dose depender

kinetics has been proppséd by Tang-Liu et al
of 3-MX, 1-MU and 13-MU were shown to obey Michaelis-Menten kinetics

with a -V
m

o of 5, 13-and: 34-mg hf1‘re§pectiveiy,{f The evidence for

a saturated enzyme system 1s further pFQVngd/by‘the work of Caldwell

et al (1977) who found that after the first 12 h after an intravenous

14

dose of C 1labelled theophylline, Brmethylxanthine was excreted
by Michaelis-Menten kinetics. In,ﬂtba1;::/ _experiment Caldwell

restricted the dietary .intake of,_meth§l* /hg;jfpf*,seven days and

then repeated - the intrave ous d iébéiled ~theophylline.

The ‘elimination half 1ife 0.1 h on a normal diet

te 6.9 h after g xanthine/

is a'likely cause of inter aﬂaiiﬁiéé%pétiénﬁrvariability in theophylline
elimination. This demonstrates that the saturable .enzyme system
could be the N-demethylation to the major metabolite 3~methylxanthiné;_
3-methylxanthine is pharmacologically active with an intrinsic activity
5 times less than theophylline (Persson and Anderson 1977).

Wagner (1985) reviewed the literature on saturation kinetics
for theophylline and using data available from comb;ning, literature

reports. he calculated ‘the mean. V_ as 1960 mg day”~

and the mean Km as 24.] mg]f1*j

dose ‘studies, the Michaelis—Menten‘kineﬁiCS would not be seen, only
becoming apparent at steady state. MWagner demonséraféd usihg these

values of V
m

ax and Km that ~increasing  the dose of - ‘theophylline

17




from 300 mg to 1500 mg wo

life by 17%.

18

e

wer

clearance

urinary




FACTORS AFFECTING THEOPHYLLINE CLEARANCE

Under normal circumstances, clearance, serum concentrations
and dosage requirements in most patients generally remain acceptably
stable over time with little intra-patient variability. But many
other factors such as disease state, diet, concomitant drug therapy,

and age interact to produce great inter-patient variability.

AGE

Premature neonates treated with theophylline for apnoea have
extremely low plasma theophylline clearance values. It 1s thought
that this is due to the absence of hepatic cytochrome activity (Aranda
et al 1976). Nassif et al (1981) showed a linear relationship between
age in weeks and the dose required to achieve a steady state serum
theophylline concentration between 10 - 20 pug ml_] among 50 infants
6 - 48 weeks old. They suggested that the increasing dose required
was related to the development of a hepatic mixed function oxidative
enzyme system increasing theophylline clearance. From the age of
1 to j6 years the mean theophylline clearance is around 0.9 lKth't
and this slowly decreases to the adult norm of 0.4 1 Kéﬂh—1- Most
studies with children have mixed age groups so it 1s hard to band
the total body clearance to age bands (Simmons and Simmons 1978).
Jusko et al (1979) reviewed the «clinical data on 200 volunteers
and patients and showed a pronounced variability of total body
clearance of theophylline over all age groups. Applying regression
analysis to the data, Jusko showed that theophylline clearance is
age dependent, decreasing throughout life, in spite of the great
variability in the clearance values. Piafsky et al (1977) and Powell
et al (1978), to counterpoint Jusko, claimed that old age did not
alter theophylline clearance. Antal et al (1981), however, cites

reduced serum protein binding in old age as the reason for reduced
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theophylline clearance. ce of this reduced

clearance with age’héé\ndffbeem\demonstrabed

mendation that care should be taken in

(Jusko et al 1978).

SEX

No difference has/beep found between

in men and women (Powell et al

investigational requirements.

OBESITY
Rohrbaugh et al " (1982) found: that obesity had no effect  on

theophylline's volume  of distribution:f;j/ a small study on eight

lean and eight . obese sybjecps. cthgt theophylline

is not extensively distrib al (1978)

showed that the clearan b”tignfg§/be§£ calculated

on ideal boedy weight rath,r; _bod 'wQ;ghtyiﬁ_bbese patients.

When the clearance of theOﬁhYllinér; n gbesgr‘patients was- corrected
for IBW there was no significant diffefence between .obese. and normal

subjects.

SMOKING HABITS

Both tobacco and cannabis smoking increases the. clearance of
theophylline (Jusko et al 1979). - It is® thought that the polycyclic
aromatie “hydrocarbons  in ther tobacco . smoke ipducgggI ¥er enzymes,
/ ‘The,increase

notably cytochrome p—450randyﬁgka8<me~' g@;pa;

unt smoked (Hunt

in clearance has been shown t

et al1976) and when smoking is te of clearance remains

unchanged \Por1~upx\ﬁd', _ Smoking habit is one of fthe most

jénti influences which alters

dramatic and.:possibly clinically

theophylline clearance (see chaptéf’lfii*
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DIET

The composition of food can affect the clearance of th

eophylline.

Caldwell et al (1977), as previously discussed, showed that a diet

containing other methylxanthines can reduce theophylline
Kappas et al (1977) demonstrated that when the diets of
was changed from a low carbohydrate, high protein diet
carbohydrate, low protein diet, the mean theophylline

increased from 5.2 h to 7.6 h. Kappas demonstrated that th

clearance.
volunteers
to a high
half 1life

ese changes

in half 1lives were accompanied by changes in metabolic clearance

rates. Charcoal broiled food with a high polycyclic carbon content

can variably increase the rate of theophylline biotransformation

in man (Kappas et al 1978).

CONCOMITANT DRUG THERAPY

Allopurinol has been shown to have no effect on theophylline

clearance by Vozeh et al (1980) but using much higher doses of 600 mg

a day for over 14 days, Monfredi and Vessel (1981) have shown a

decrease in theophylline clearance. It is not known 1if this 1is

an effect of the xanthine oxidase inhibition or a reduction in

microsomal enzyme activity brought about by allopurinol.
Antacids have only been shown to have an effect on one
Nuelin SA (Myhre and Walstad 1983), and not to have any

Theo-Dur or Slo-Phyllin (Shargel et al 1981). This 1

formulation,
effect on

s possibly

due to the known pH dependent dissolution of Nuelin SA (Jonkman

et al 1981).

Cimetidine decreases the metabolism of a number of drugs which

use the P-448 or P-450 pathway eg, warfarin, and 1t has
to have a similar effect on ‘theophylline by Jackson et
Theophylline clearance has been shown to be decreased
40% (39 : 1% Jackson and Plachetka 1981) (30 : 17% Reitberg
(45% Vestal et al 1982). Ruff 1982 and Powell et al 1982

that ranitidine dose not have the same effect as cimetidine.
21
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Pnenytoin has been report
theophylline:(Sklar and Wagner 1985_

et al 1982). The ~increase reported by both -Skiar«ﬂénd  Wagne \

Marquis  is approximately two  f« and Wagner demonstrated

with case.studies: that thezgffggtfgf%péeﬁ
theophylline  clearance ean/be~§ar;abié}%’/

Jusko et al (1979) showed a tendency towards cased theophylline

clearance in barbituate‘iusefs/:aﬁdv,Laggay‘J%B/ 9?8) found that

a 28 day course‘of phenobarbitoneg}in0ﬁ§ased—ftbeéphyiline clearance
by -about- a sthird. (33 1.21%)s = This-is-of particular importance as

many: -older- pharmaceutical.formulations, such as Fﬁamol;»chdtaimf

theophylline and phenobarbitone: in-the same formulation.

Two -reports, =Rosenberry et ral;:f __and Reed and Schwartz

(1983), ~have  indicated-a decrease i ine half 1life when

co-administered with carb

Conrad and Nyman}/
Aclearance~ due fto propfabolb
than non-smokers. Metoproloi /ai§Q,ZQ§CF¢§sed theophylline clearance
but not to such an extent. The clinical importance of tbi§w;sznpp_
great due to the reluctance to give ?—blockers to pat;ents Q;@b
bronchial obstruction.

Oral contraceptives may have an gffect on theophylline clearance.
Jusko et al (1979) showed no correlation between oral contraceptives
/ported a 29%

and theophylline clearance but Roberts et (1983)

reduction - in theophylline ~clear ne ‘”the pillt.

s cited twoe case

presentations in which theophyll has been reduced by

the calcium ahtagdnﬁsﬁ;‘Jj{napamil. A brelimipapy\fbeport by Hauser

et al (1983)  described an

e in theophylline clearance’ by

rifampicin.
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Erythromycin decreases jon, the confusing

reports in the-literature are due to th ngtn of t;mef\efytbi?mY¢infﬁ

and theophylline have to be concomitantly adminléﬁé;ed:fﬁbwfbbtgip

an effect. Zarowitz et al (1981) foun

(48 h) had no effect on the pharmaco phylline. After

m&éin’afdeotea theophylline

a 10 day course.of eryﬁhfb

clearance was demonstrated.  Those studies wh ifference in

clearance was demonstrated when erythromygiﬁ Qas,g ve iﬁﬁ theophylline

(Pfeifer et al 1978, Kelly et al 1987) uséd;afsﬁbéfﬁééurse of therapy.

The effect of theophylline and erythromy in on theophylline clearance

13%

has been reported to be between 49 % 6% (Cummins et al 1977) and 9
(Jarowitz et al 1981). The majority ;6f}2§pudies- and the conclusion

from Hendeles and Weinbergef’(1983),ﬁé ,7 /w:@ld;indicate that about

a 40% reduction .in theophylline :cle;féﬁée;/'OQIQﬁ{bg* expected from

a long term course of @tyﬁ romycin f:duﬁéﬁion.

INFLUENZA_VACClNE

v o U ‘rease in theophylline half
life "in six children with & /Vi}alfaiﬁféé%iOﬁ. ““Renton et al (1980)
reported an increase of between 85 and 219% in serum “theophylline

concentrations in three asthma patients within 12 to 24 houré after

vaccination. But the evidence for influenza vaccination decreasing
theophylline clearance has not been substantiated. Goldstein et al

(1982) reported unchanged serum theophylline concentrations 24 h

after  injection —in sixteen patients. ,F;Sthp"eﬁf,aV~ (1982) also

found no change in theophylline conc days, 7 days

and 14 days after vaccinatidﬁ1ih;52/”
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DISEASES ALTERING THEOPHYLLINE ELT

Cardiac diseases

Increased toxicity has been reported in patients with congestive

Jusko et al
e elimination

juced hepatic

blood flow is likely.

Pulmonary Disease

There .is no .good evidence that pﬁc@mplicated asthma or chronic
bronchitis per se alters theophylline clearance. The devélopmgnt

of complications such as chronic obstructive lung disease or pneumonia

1978) .

Hepaﬁic Disease

Mangione et al

theophylline in ~eightf

and 25 age matched controls.

clearances (18.8 mrmgﬁh‘H when compared. with the age matched cpmtﬁbls\'\'

(53.7 ml mgqh_]). Jusko et al (1979)  and. Piafsky et .al (1977) also
confirmed reduced elimination of theophylline .in patients with hepatic

cirrhosis.
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INTER- AND INTRA-SUBJECT VARIABILITY IN THEOPHYLLINE PHARMACOKINETICS

A number of factors previously discussed alter the elimination
of theophylline in patients but evidence 1is accumulating to show
that not only 1is there an inter-subject variability but also an
important intra-subject variability in theophylline pharmacckinetics.
Upton et al (1982) demonstrated that 39 out of 60 individuals varied
in their terminal disposition rate constant on the different occasions
each was required to take the dose during the course of a cross-over
bicavailability study. In one study Upton identified 9§ out of 12
individuals who showed statistically identifiable variation in terminal
disposition rate constants (ﬁ) between two dosing occasions when
each individual serum  theophylline concentration was measured.
Fluctuations in B of 60% were reported. Upton could not relate
these changes in P to either sex, smoking or body weight. He concluded
that no chronological pattern has as yet been recognised 1in the
individual variation in the terminal disposition rate constant,
but suggested that the urinary excretion of theophylline could be
important. Urinary excretion of thecphylline averages at 10 - 13%
but as Tary et al (1982) has shown, the renal clearance of theophylline
varies directly with urine flow and serum concentration as diuresis
is a pharmacological effect of the drug. When serum concentrations
of the drug are high, diuresis is greater and the renal clearance
of the drug 1is larger. As the serum concentration falls, diuresis
is less, urinary excretion is reduced and metabolic clearance may be
affected by salt and water intake amongst other variables (Upton
1982) .

Bell et al (1980) repoéted significant differences in the
pharmacokinetics of oxtriphylline (a choline salt of theophylline)
between two groups of patients in a multicentre trial. A number
of suggestions were made for the differences, including body weight,

diet and dosedependent kinetics.
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Poldack et al (1984), De« nd Szefler (1984)

reported signifidanfwdiﬁféfencési;n‘the

sampling.days :in volunteéréa’\\éollac
formulations:«to i have ,greatgg:/f:
than. a=multipellet capsglg;iférﬁz
varied between dosing ;iﬁtgfyai ;::f

fermulation carry over 5Q£ ‘éh/f _absorption

asured serum

was prolonged causing ‘gpeatap,'
theophylline concentrations tha&;wbeﬂc astep. Pollack

et al (1984)+ suggest . that changes-{ingaggstfééinﬁestinal physiology

were.the. cause of ' intra zwvolunteer changes in\\ratgxggfxaabsﬁrptibn3\

Pedersen . (1984) ' reported-a vevyj;gid@;~in - individual variation“

capsule ~formulation witbifgod
The only study : @ima§e. intra =d

inter- subject variatic _Halkin found the

degree of _inter - individ secﬁm}jpbgophylline results

in 15 asthmatic patients to”befi/ /bé;ﬁangé in2Q7— 4%, The dntpa

individual -co-efficient of -variation -was 22 - 24%. Halkin cites

a computer programme for predicting theophylline-serum-concentrations

being based on a 70% value for inter -individual svariation - and.a 10%
intra individual variation. After -taking into account -assay wvariables,
Halkin. estimates. an 11 - -18%random- unexplained.variability in day

tor day. serums=.concentrations. of ~theophylline expeeted.
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CHANGES IN THEOPHYLLINE DISPOSITION WITH CIRCADIAN RHYTHM

Diurnal changes in the pharmacokinetics of theophylline have
been suggested for explaining intra- subject variation. Certainly
a number of workers, {Lemmer 1982, Birkett et al 1982, Birkett et
al 1984, Lesko et al 1980 and Taylor et al 1983) have reported diurnal
variations in morning and trough concentrations. Theophylline clearance
is said to remain unaltered (Scott et al 1984, Birkett et al 1984,
Taylor et al 1983) but this has been contested by MaclLeod et al
(1982) who not only showed decreased absorption at night but also
increased theophylline clearance. This 1is the only report known
to show theophylline clearance changes at night. Taylor et al (1983)
found no difference 1in theophylline clearance, half 1life or volume
of distribution over a 24 h period.

A number of reports state that theophylline absorption does
show diurnal variation. Scott et al (1984) found in children that
the rate and extent of theophylline absorption from sustained release
formulations was less at night than during the day. Time to peak
concentration has been reported to be shorter after a morning
administration than afternoon or evening administration (Lemmer
1984, Ta&lor et al 1983). Birkett et al (1984) showed that the
absorption from Nuelin SA 250 mg was so prolonged at night that
morning pre-dose concentrations were peak concentrations in some
patients. However, Nolte and Newmann (1982) showed no difference
in plasma time profiles of Uniphyllin administered once daily in
the morning or early evening.

These findings tend to supbort, in general, a trend that circadian
rhythm probably reflects differences 1in absorption more than
alterations 1in metabolism or excretion. Diurnal wvariation in
theophylline absorption could offer some explanation for intra-subject

variation.
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INFLUENCE OF FOOD ON SUSTAINED RELEASE THEOPHYLLINE

The presence of food, its composition and water content have

all been shown to influence the absorption of theophylline from
sustained release formulations. Food intake exerts a complex influence
on the bilcoavailability of drugs. It may interfere not only with
tablet disintegration, drug dissolution and drug transit time but
also affect the metabolic transformation of drugs in the gastro-
intestinal wall and in the liver. Different food components can
nhave different effects and food may interact in opposite ways, even

with drugs that are chemically related. As judged mainly from single

meal single dose studies food intake enhances the bioavallabilit

<

of several different drugs such as propranclol, metoprolol, hydralazine,
hydrochlorothiazide, spironolactone, nitrofurantoin, erythromycin
stearate, dicoumarol, phenytoin and carbamazeplne bul reduces that
of drugs such as isoniazid, rifampicin, tetracycline, penicillin

and ampicillin, while having apconsistent effect on the biocavailability

of  metronidazole, oxazepam, propylthiouracil and  sulphonylureas.

v

For some drugs such as digoxin and paracetamol, the rate bul not

the extent of absorption is reduced (Melander 1978).

Food may enhance bicavailability by reducing gastric emptying.
This is apparently the case with hydrochlorthiazide and nitrofurantoin.
The food induced enhancement of bicavailability of propranclol,
metoprolol and nhydralazine is probably due to reduced first pass

metabolism of these drugs, while food induced improvement of drug

dissolution may explain the enhanced biocavailability of carbamazepine,
spironolactone, dicoumarol and phenytoin. An increased gastro-
intestinal pH may be the cause of the food induced reduction of
the bioavailability of drugs such as isoniazid and tetracycline

3

(Melander 1978). The difference between many of these drugs and
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theophylline is that theophylline is mainly taken orally as sustained
release formulations. Hence there 1is not only a reaction of food
with the drug but with its formulations. With the range of formulations
used to prolong the release of theophylline, each individual preparation
will react differently to the effect of food.

Studies conducted on plain theophylline tablets and theophylline
liquid have demonstrated that theophylline elimination half 1life
can be affected by the composition of food (Feldman et al 1982,
Feldman et al 1980, Kappas et al 1976). In asthmatic children Feldman
et al showed that a high protein diet shortened the elimination

half 1life and a high carbohydrate diet significantly increased it

relative to a normal diet. Heimann et al (1982) showed that in
premature infants feeding significantly decreased theophylline
absorption rate when administered as an aqueous solution. Therefore,

it would appear 1in children, at least, that theophylline 1in 1ts
simplest form can be affected by the composition of food and the
presence of food.

The first experiments on sustained release formulated theophylline
were unfortunate in their choice of formulation. Welling et al
(1975) conducted an experiment on a combination product, Tedral,
containing 130 mg of theophylline, 8 mg of phenobarbitone and 24 mg
of ephedrine, a combination of drugs known to affect theophylline
disposition. Even so, Welling demonstrated that the volume of fluid
taken with Tedral affects its rate of release, (the larger the volume
of water taken the faster the release) and that the absorption of
theophylline was faster when the drug was given with a high protein
meal than a high fat meal.

In 1981 Pedersen published a letter showing a dramatic reduction
in the rate of absorption of theophylline from Nuelin SA when taken

with food. Again, this was an unfortunate choice of formulation.
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Nuelin SA is now known to be a pH dependent formulation with slower
release characteristics in acid pH compared with neutral or alkaline
pH (Jonkman 19871). The retention of .a tablet in the stomach caused
by reduced gastric motility due to the presence of food is more
likely to show a reduction in the rate of absorption of theophylline
from the Nuelin SA than any other formulation. The graph displayed
in Pedersen's letter and its implied conclusion has now been repeated
in review and text books justifying the statement that food affects
the absorption of theophylline from sustained release formulations.
The letter by Pedersen was followed in 1982 by a full article by
Pedersen and Moeller-Petersen (1982). Using Nuelin SA, again Pedersen
was only able to show that food influenced the rate of absorption
in six children, not on the six adults participating in the study.
In the six children the delay produced a time to peak concentration
of a staggering 16.6 h. Such a delay has not been able to be
reproduced by any other workers in either children or adults.

Osman et al (1983) showed that administration of food did not
affect Theo-bid 260 mg and Theo-Dur 200 mg formulations. Sips et
al (1984) failed to find any significant differences when Theo-Dur
300 mg was taken with food and Leeds et al 1982 found a variable
response to food for Theo-Dur 100 mg and 300 mg formulations. Leeds
demonstrated that food reduced the theophylline concentration obtained
from Theo-Dur 100 mg formulation at 1 to 4 h but only at the 4 h
interval for the 300 mg formulation. Lagas and Jonkman (1983) reported
a significantly slowed absorption when Theograd 250 mg was taken with
food, resulting in an enhanced biocavailability compared with fasting
subjects. Unlike Pedersen, Lagas and Jonkman obtained higher maximum
concentrations with food resulting in an increase 1n the amount
absorbed by 40%. From the Lagas and Jonkman (1983) study it is

hard to determine why the bioavailability for Theo-grad in fasting
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subjects was only 64 I ooo%. Both Mitenko and ‘Ogilvie (1974) and
Sharma et al (1981) have shown the bioavailability from Theo-grad
to be much higher at around 80%. Using Somophyllin-CRT, both Birkett
et al (1984) and Pedersen (1984) have shown no effect of food on
this sustained release product.

Again, a variety of effects of food have been reported for
the multipellet designed formulation. Green et al (1981) and Lotner
et al (1983) have shown that Slophyllin, when administered with
apple sauce 1in both opened and un-opened capsules, 1is not affected
by the presence of apple sauce. Pedersen (1984), however, using
Theo-Dur sprinkle showed that by administering the formulation with
300 g of apple sauce, the time to maximum concentration was slower
than fasting and faster than when taken with a dry meal. Again,
in the Pedersen study using children, the differences in mean data
showed a delay of 9 h between fasting and taking the formulation
with apple sauce. A delay of this magnitude has not been reported
by any other worker. Hendeles et al (1985) showed that a very large
meal resulted in dose dumping from Theo-24, half the dose of 6 mg kg
was released in 4 h when the formulation was taken with food.

1

It can be seen from this review of the avalilable literature

that the effects of food on sustained release theophylline is
formulation specific. Reports in the literature relating to one
formulation cannot be extrapolated tfLo another. Coupled with the

pronounced 1intra -subject variations that occur with theophylline,
any authoritative study comparing the effects of food on sustained
release theophylline formulations would be difficult and expensive
to organise and conduct. It would appear, at present, that the
effect of food on sustained release formulations of theophylline

can only be described as variable.
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SUSTAINED RELEASE FORMULATIONS OF THEOPHYLLINE

A wide variety of techniques have been used to develop sustained
release oral dosage forms. These techniques include the development
of drug salts to decrease solubility and variation of particle size,
ion exchange resins to bind drug substances, porous, non-disintegrating
inert carrilers as matrices for the drug and slowly eroding coatings
or matrices and coatings that serve as a membrane for drug diffusion.
Theophylline 1s marketed as a multipellet capsule formulation or
as a matrix. The plastic matrix is a system where the drug is mixed
with inert, insoluble powdered matrix material consisting of plastic
resins and other ingredients and compressed. In the gastro-intestinal

tract, drug particles from the surface of the matrix system dissolve

v

n the tablet leaches

ot
e

and leave pores through which the drug from with
out. The matrix retains 1its shape during the leaching process.

The multipellet design is a mixture of sustained release beads
in a hard gelatin capsule. The capsule may contain several kinds
of beads. The first is an uncoated bead to provide an initial burst
of drug. The second has a coating that resists disintegration for
3 hours, the next has a 6 h coating and further coatings of 9, 12

. )

or more hours may be added. In some cases the beads are compressed

[OR

to form a tablet rather than a capsule. An example of this is Theo-Dur.

THE "CONTINUS" MECHANISM

The continus 1s the trade mark for sustained release mechanisms
manufactured by Napp Laboratories. It is a system which relies
upon the processes of diffusion and dissolution. Theophylline is
first coated with a hydrophilic cellulose which has been selectively
hydrated with water or an alternative suitable polar solvent. The
primary controlled release granular system is then dried and

subsequently incorporated within the melt of a hydrophobic higher
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aliphatic alcohol which acts as a potentiator to the primary system.
By varying eilther the amount of cellulose, the degree of cellulosic
hydration, the amount of higher aliphatic alcohol or the ratic of
water soluble to water insoluble cellulose it is possible to vary
the rate o drug diffusion through the matrix and subseguent rate

of dissolution (Leslie 1980).

STAGE I Drug + Cellulose = Hydration

STAGE II Drug + Cellulose + Aliphatic Alcohol = The Continus Mechanism

It is claimed that this mechanism can be controlled to obtain
release characteristics from 1 h to 12 h and in the case of Uniphyllin
it is claimed to be 24 h. Phyllocontin is controlled to give release
of aminophylline over a period of six hours, a process claimed by

Leslie to be pH independent.

THEO-DUR

Theo-Dur relies on a process of osmosis, diffusion and dissolution.
The Theo-Dur tablet has two sustained release principles, coating
and embedding. The basically two phase dividing system comprises,
a granulated theophylline matrix and numercus tiny cores. Each
core consists of a sucrose seed to which multiple layers of cellulose
acetate phthalate and theophylline are applied and the whole 1is
encapsulated in a coat of cellulose acetate phthalate and wax.
The wax is insoluble but permeable in GI fluids. Cellulose acetate
phthalate is permeable in gastric fluid and soluble in intestinal
fluid.

The cores of Theo-Dur are evenly distributed throughout a matrix
of granulated theophylline in each Theo-Dur tablet. The granulation
allows Theo-Dur to provide an initial dose, fulfilling the requirement

of sustained release. The mix betwen the cores and the theophylline
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granules 1is compressed to form the tablet. Precise compression
is required for the Theo-Dur core and the granulation phases to
complement each other's dissolution patterns. Too much compression
could crack the cores; insufficient compression would allow faster
absorption and lessen duration of action.

GI fluids penetrate the granulation matrix and dissolve the
granules on the tablet surface. The gastric fluids pass through
the core coat and the theophylline layers and dissolve the sugar
seed by osmosis. While being drawn through the theophylline layers
within the core, the fluid becomes saturated with theophylline.

Because the sugar seed absorbs fluid, the cellulose acetate phthalate

and wax layers will eventually burst as a result of increased "inner
fluid pressure™. The theophylline saturated fluid is released from
the core in the 1intestine, the cellulose acetate phthalate layers

then dissolve, the diffusion from the cores increases and the release
starts to decline from the granules which are largely already dissoclved
in the stomach. It is <claimed that the dissolution takes place

over a 12 nh period (manufacturer'sliterature).

SLO-PHYLLIN

The manufacturers of Slo-Phyllin, "Lipha", were unable to provide
a large amount of detail on their formulation. But the process
relies on &a starch lactulose granule initially in a similar way
to Theo-Dur. In order to achieve the sustained release characteristics
a retarding agent, almost certainly wax or a cellulose derivative,
and theophylline are sprayed alternatively and at intervals in a
precise procedure on to an inert matrix or granule of starch/cellulose.
As the starch lactulose coated granule dissolves, theophylline is
released. This occurs in both the stomach and the intestine. The
retarding agent 1is not absorbed and may be visible in the stools

of patients (manufacturer's literature).
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GRADUMET (Abbot)

This consists of a plastic matrix, honeycombed by narrow passages
which contain the active drug together with a water soluble channelling
agent. As the tablet passes down the gastro-intestinal tract, the
theophylline is leached out; this action is claimed to be independant
of pH, viscosity, ion concentration, surface tension and gut motility.
The spent matrix is excreted in the stools.

PRO-VENT

Pro-Vent is a multipellet capsule formulation. The manufacturers
claim that the mechanism of action involves a dialysing membrane.
Water passes into the pellet under an osmotic gradient, most probably
caused by the sugar seed principle. The theophylline within the
pellet dissolves to form a saturated solution and then diffuses
out through the dialysing membrane. As the hydrated membrane expands,
the pores through which theophylline diffusion takes place also
become enlarged and the permeability of the system increases. This
effect offsets the diminished concentration gradient which results
as the theophylline content in the pellet falls. Each pellet 1is
an individual sub-unit delivering its own amount of theophylline

at its own controlled rate (manufacturer's literature).
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METHODS OF THEOPHYLLINE ASSAY

Six methods are used for the analysis of theophylline in
biological fluids. They differ in sensitivity, specificity, sample
size, technical difficulty and turn around time.

U V SPECTORPHOTOMETRIC ASSAY

The method of Schack and Waxler (1949) has been used extensively
and was the first method for determining theophylline in biological
fluids. It has, however, several disadvantages. Blood sample volumes
needed are relatively large and the plasma blanks are variable because
the method also measures uric acid, xanthine and hypoxanthine (Ogilvie
1978) . False high or low theophylline concentrations may occur
in the presence of caffeine, theobromine, theophylline metabolites,
paracetamol, frusemide, thiamin salicylates and warfarin (Banner
et al 1977, Matheson et al 1977). Modification has been made to
reduce interference but even the modified Schack and Waxler method
has been reported to have a co-efficient of variation of 27% and
a standard deviation of <+ 4.2 (Hendeles et al 1980) when a spiked
sample of 15 ug mf1 is used as an unknown sample.

The only paper of any significance to use the Schack and Waxler
assay method was that of Welling et al (1975). This paper is often
quoted in reviews establishing the effect of food on Tedral and
the results are frequently extrapolated to other sustained release
theophyllines.

GAS LIQUID CHROMATOGRAPHY

Several gas 1liquid chromatographic assays have been developed
(Ogilvie 1978). They involve technically demanding extraction and
derivitisation procedures. While most GLC methods are very specific

and require samll sample size, the lengthy procedure and a high
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potential for errors (CV 24.6%, Hendeles 1980), unless the analyst
is very skilled, has meant that very few laboratories now use this

method.

RADIO IMMUNOASSAY

This 1is a very specific accurate method of analysis reguiring
a small sample size but is expensive and slower than other immunoassay
methods such as enzyme immunocassay. Due to more rapid assay methods
now being available, it is not the assay method of choice for reporting

laboratories (Hendeles et al 1980).

HIGH PRESSURE LIQUID CHROMATOGRAPHY

A large number of laboratories use various HPLC assays. Many
different HPLC methods have been proposed (Ogilvie 1978, Hendeles
et al 1978). Reverse phase is the most commonly used method. In
most methods sample preparation is easy, and the method 1s accurate
although there are reports of drugs taken 1in large doses showing
interference (Hendeles 1980). An average assay 1s longer to perform

than the enzyme immunoassay technique, but cheaper.

FLUORESCENT IMMUNOASSAY (AMES)

This wvariation of the antibody inhibition method uses a
fluorescent marker instead of a radio marker. It 1s comparable

ty and accuracy and

et

with enzyme immunocassay for speed, reliabil
it is claimed to be considerably cheaper, but 1t has already been

shown that caffeine interferes (Hendeles et al 1980).

HOMOGENOUS ENZYME IMMUNOASSAY

The homogenous enzyme immunoassay technique marketed by Syva
(EMIT) was the first commercially available method using an antibody
inhibition technique to quantify the concentration of theophylline
in serum or plasma. The principal is that a drug is labelled with

an enzyme, and when the enzyme labelled drug becomes bound to an
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antibody to the drug, the activity of the enzyme is decreased.
The drug in a sample competes with the enzyme labelled drug for
the antibody, thereby decreasing the antibody induced inhibition
of the enzyme. Enzyme activity correlates with the drug concentration
in a sample and is measured by an absorbance change related to the
enzyme's catalytic action on a substrate.

The method is rapid, specific, requires small sample size and
can be easily automated. On a spiked 15 pg ml~1 sample 97 reporting
laboratories had a standard deviation of ¥ 1.8 and a co-efficient

of variation of 11.3% (Hendeles et al 1980).

This 1is the assay method used for all the experiments in this

thesis. In this author's hands the batch to batch co-efficient
. . ~ 9, LRV ) + 0
of variation ranged between 4.2% to 9.4% with a mean of 6.1% - 1.96%.

Although the manufacturers do not recommend measurement below 2

pg  ml experiments 1in this thesis were accurately reproducible
. -1
down toc 1.0 ug ml .
Of the various methods available, the EMIT metnod has advantages
of speed, ease of operation, specificity and automation for dealing
with large numbers of samples. In many of the study days reported

in this thesis, up to one tnousand assays were carried out In 24 n

using an automated technique.
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PROBLEMS ASSOCIATED WITH VOLUNTEER AND PATIENT STUDIES ON THEOPHYLLINE

Theophylline 1is a drug which demonstrates great inter and
intra-subject wvariation. Tt presents difficulties in obtaining
a suitable experimental population to conduct controlled studies.
The literature reflects this ambiguity. In answer to the question;
"can saliva be used as a reliable means to measure theophylline
concentrations?", Galant et al (1977), Goldsworthy et al (1981),
Jonkman et al (1981) and Koysooko et al (1974) have indicated that
saliva 1is a good medium, whereas Boobis et al (1979), Munch et
al (1981) and Sharma et al (1981) have all found saliva to be
unreliable. Similarly conflicting evidence can be found with other
aspects of theophylline therapy such as the effect of erythromycin
on theophylline clearance etc. A large part of this variability
in results between workers can, in many cases, be the result of
too few subjects to provide adeguate power to detect relevant
differences and the over-reliance on significance testing. To
detect small differences, larger subject studies need to be performed.
With theophyline it would be valid to select a certain population
such as fast metabolisers or smokers. In this thesis the effect
of food on sustained release theophylline products has been
investigated. The evidence that food does delay the rate of
absorption has mainly been carried out by one worker, Pedersen,
in a total of 16 children (Pedersen 1981 and Pedersen and Moeller-
Petersen 1982) with one formulation, Nuelin SA. Yet these findings
have been reproduced in standard text (Gibaldi 1982) and reviews
(Hendeles and Weinberger 1983) to manufacture fact, that food (all
food) delays the absorption of sustained release theophyllines

(all formulations) in patients (children and adults).
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The problem of obtaining sufficient number of either patients
of* volunteers is notiaconsiderable. In this thesis, to obtain a
total of 20 volunteers even with financial inducements in an academic
environment, required a 1lot of persuasive power. The selection
of a healthy population which 1is taking no-concurrent medication
including the contraceptive pill, within narrow limits for age
and weight, smoker or non-smoker and restricting diet before and
during the study makes obtaining a reliable large experimental
population difficult. Jusko et al (1979), Weinberger and Hendeles
(1983) and Upton et al (1982) have, in part, overcome this by
combining analysis to overcome the differences.

Statistical analysis 1itself can cause misinterpretation and
increase the risk of false positive claims. A probability of 0.05
is dominant in many minds as a barrier beyond which a relationship
becomes fact and not as it should be interpreted as a significant
difference which is not coincidental. P = 0.05 means that a relation-
ship between measurements has a probability of occurring by chance
in 1 in 20 cases. When measuring a drug with such inter and intra-
subject wvariability a probability of 1 in 20 certainly does not
allow for factual conclusions. The other much quoted study on
the effect of food on sustained release formulations of theophylline,
Leeds et al (1982), found a significance of P = 0.05 for one
formulation of Theo-Dur (Theo-Dur 100 mg) in six healthy non-obese
male students for the effect of food on the rate of absorption
at 2, 3 and 4 hours after administration of the drug. This does
not establish the fact that food universally affects the rate of
absorption from sustained release formulations but 1t 1is often
quoted as an established fact. Statistical analysis of uncontrolled
or poor quality data is not an adequate substitute for carefully
designed studies in which the confounding variables of theophylline

pharmacokinetics are controlled.
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Diet 1is one factor that must be controlled. Caldwell et al
(1977), Kappas et al (1976) and Thompson et al (1981) have demonstrated
that the composition of food can affect the absorption and metabolism
of theophylline. Many bioavailability studies on theophylline
which have produced conflicting data have not taken the effect
of food or 1it's composition into account. Some americans can
apparently consume up to a gramme of caffeine a day by coffee
consumption alone. Although fasting over night is stated (Mitenko
and Ogilvie 1974) it is only in later studies that xanthine containing
foods and beverages are mentioned as beingexcluded (Upton et al
1980) . A lot of the early studies are still quoted as evidence
for poor bioavailability of theophylline sustained release formulation,
but the knowledge of theophylline pharmacokinetics was not developed
to allow the investigators to design studies with sufficient accuracy.

Studies often fall into four categories regarding age, studies
on children, Domson et al (1979), Ginchansky and Weinberger (1977),
Pollock et al (1977) and much of Hendeles!' work, studies on healthy
volunteers, normally 18 - 40 years, Barrett et al (1981}, Upton
et al (1980) and thirdly studies on patients which can have a large
range of ages 24 - 53 years (Dasta et al 1979), 26 - 70 years
(Thompson et al 1983), 24 - 76 years (Butcher et al 1982) and
some studies where no age range is given (Mitenko and Ogilvie 1974).
If, in a study, one volunteer is elderly or young compared with
the majority, it could skew the results. As Jusko et al (1979)
demonstrated, theophylline clearance decreases with age. To obtain
as similar a population as possible, narrow age ranges would be
preferable.

If a standard dose of drug is being given, such as on 300 mg
tablet, the weight of subjects can become important as the dose
for a 50 kg woman is higher per kilogramme than a 95 kg man (58 -

112 kg, Fagerstrom and Heintz 1983; 48 - 93 kg, Jones et al 1980;
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48 - 125 kg, Langaker et al 1984). The subsequent theophylline
concentrations, CmaX and AUC will be affected. It becomes difficult
to interpret data when the dose per kg for one subject can be as
much as three times greater than another subject with the same
study.

How the drug is administered orally is often not cited. Welling
et al (1975) and Pedersen (1984) have demonstrated that the volume
of fluid taken with sustained release theophylline formulations
can affects 1ts absorption. Upton et al (1980) used‘ 200 ml of
water, Talseth (1981) and Spangler et al (1978) appear not to have
given any fluid with the drug and Sharma et al (1981) gave an
unspecified amount of water 2 hours after administration. Such
are the problems of theophylline that even the posture of the subject
can affect the plasma theophylline concentrations obtained. Warren
(1983) has reported that higher concentrations of theophylline
were obtained in upright subjects than those who were supine.

The differences between many of the earlier reports (Welling
et al 1975, Mitenko and Ogilvie 1974, Jenne et al 1975, Kappas
et al 1974) and the 1later investigations on theophylline are the
assay methods available. A1l the afore mentioned key studies used
the method of Schack and Waxler (1949). This assay has subsequently
been shown to suffer interference from other drug including caffeine,
theobromine and aspirin to give falsely high measurements of
theophylline concentrations (Hendeles et al 1978). The results
have to be reviewed in the 1light that some of the measurements
may not, with more accurate methods of analysis now available,

be comparable with results from 1977 onwards.
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Initially this thesis was concerned with the comparison of
sustained release theophylline formulations related to the co-
administration with food. Patients are more 1likely to cue dose
administration to meal times than the fasting conditions so frequently
used for experimental methods. Several workers, Pedersen (1981)
and Leeds et al (1982) had conducted inconclusive experiments on
the effects of food on the absorption of theophylline from sustained
release formulations. To conduct comparative studies on the pharmaco-
kinetic profiles of theophylline formulations with food to mimic
a more realistic environment 1is important. In other comparative
studies either food was not given with the formulation or was given
at some period after the administration of the drug whilst the
absorption of the drug was taking place, 2 hours (Domson et al 1979),
4 hours (Conard et al 1982) and 6 hours after administration (Barrett
et al 1981).

Jonkman (1981) had shown that the in vitro release of theophylline
from Nuelin SA was pH dependent and from Theo-Dur was pH independent.
As Nuelin SA was the drug indicated by Pedersen (1981) and Pedersen
and Moeller-Petersen (1982) to be affected by the co-administration
of food, this may have been related to change in pH in vivo. Food
delays gastric emptying and might expose a sustained release
formulation designed for duodenal release to a more prolonged acid
exposure. The question arose as to whether simple in vitro tests
could be used to predict which formulation would be affected by
longer exposure to acidic conditions in vivo as Jonkman (1981) and
Crombeen and De Blaey (1983) had suggested. Therefore, 1in this
thesis in vitro experiments have been designed to study the behaviour
of several formulations to acidic and alkaline conditions and in
vivo comparative volunteer studies have been performed, coadministering

slow release preparations with food.
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As single dose study results may not accurately reflect the
effects of food at steady state. An experiment on Nuelin SA and
Theo-Dur was conducted at steady state under fasting and non-fasting
conditions. The data from single dose studies for these two drugs
was projected by a method of superposition to steady state and compared
with experimental results.

If the release of theophylline was not related to pH but Just
reduced gastric motility caused by the consumption of food, this
might explain the reported variable effect of food and fluid on
sustained release theophylline formulations (Welling et al 1975,
Leeds et al 1982). Modification of gastric motility using meto-
clopramide and propantheline has already been demonstrated to affect
the absorption of paracetamol (Nimmo et al 1973). Such modifications
might affect the absorption of sustained release formulations and
indicate the role of gastric motility in the release of drugs from
such products. A study has therefore been designed in this thesis
to elicit the effect of modification of gastric motility using meto-
clopramide and propantheline on sustained release theophylline
formulations.

Studies were to be performed to observe whether co-administration
of sustained release theophylline products with food might produce
a flatter blood concentration time profile by delaying absorption.
This would potentially allow such drugs to be given once daily.
Uniphyllin has been marketed by Napp Laboratories for this purpose
and it was of interest to study this once daily dosage form and
compare it with a twice daily administered sustained release formulation
also administered with food. Investigations to see if coadministration
with food produced favourable effects were conducted. Similarly,
it was desirable to study the effects of a slower rate of absorption
in smokers, who demonstrate rapid clearance of theophylline. Reduction

in the fluctuation of blood concentrations of theophylline might
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METHODS

SELECTION OF SUBJECTS

All the experiments in this thesis were conducted with subject
populations as similar as possible. A1l volunteers were healthy
adults with a narrow age range taking no medication for any known
disease, chronic or acute. No formal medical examination took
place and no laboratory tests other than plasma or serum theophylline
concentrations were measured. A1l volunteers were asked to fast
overnight prior to commencing a study day and refrain from xanthine
containing beverages. No check was carried out to see 1f this
request was complied with, and it would be difficult to do so unless
the volunteers were under supervision prior to the start of the
experimental period. Starting the study days between 6.30 and
7.30 am by necessity often guaranteed compliance by default.

The period of overnight sleep 1is variable from one subject
to another and in some cases short periods of sleep may have affected
diurnal wvariation. On the whole, though, the pharmacokinetic
characteristics of volunteers did not change dramatically from

one study day to another, fast metabolisers remained fast and slow

remained slow. In some of the larger experiments where up to 20
volunteers were required, recruitment was difficult especially
when venepuncture was involved. In some experiments volunteers

were excluded from the study due to overwelght, drug therapy or
disease state. Once recruited, the volunteers were co-operative
and compliant, many were students of biology or pharmacy with an

insight into compliance and adherence to experimental protocol.

BLOOD SAMPLING

A11 blood samples were taken via a 2 way or 3 way tap attached

to a Venflon cannula inserted by a qualified medical practitioner.
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Samples were immediately transferred to an appropriate container,
centrifuged, plasma separated and normally assayed immediately.
Timing and a constant supply of materials required for taking blood
was vital. The blocking of cannulae on occasions resulted in missed
samples but in only a few incidents did it necessitate withdrawal
from the study. Medical advice was available throughout the study
periods but again was very seldom required. Those occasions were

when re-siting of cannula was needed or a volunteer felt unwell.

ADMINISTRATION OF THEOPHYLLINE FORMULATION

All drugs were taken either fasting or with food depending
upon the study day with a measured amount of water according to
a strict timing interval, to allow for the time to take blood samples.
In all experiments diet during the study day was controlled, the
same standard breakfast was used in all experiments and lunch was
not eaten until 5 or 6 hours after dose administration. This was
normally a light salad but varied in some experiments to a normal
but standard hospital canteen meal, depending on the experiment
being conducted. Evening meals and breakfast on the following days
after dose administration were again from the hospital canteen but
no control was sought over these meals apart from requesting abstinence

from xanthine containing beverages.

ASSAY OF SAMPLES

A1l serum or plasma samples were assayed by enzyme Iimmunoassay
(EMIT). Normally the samples were separated or assayed immediately.
If there was a delay in assaying the sample, the plasma was refrigerated
over night and, 1in the case .of saliva, frozen to allow for ease
of pipetting. A standard was included at the beginning and end
of each run of 60 samples and every batch of reagent had a new

calibration graph, tested against standard concentration of theophylline.
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The co-efficient of variation ranged from 4.2 to 9.4%. If any
sample result was for any reason doubtful it was repeated until

duplicate assays gave similar readings to p 0.5 pg ml"1

MEASUREMENT OF PHARMACOKINETIC PARAMETERS

A1l pharmacokinetic calculations are based on a simple open
one-compartment model. The rate of decay and elimination both
assumed first order elimination and were calculated from the terminal
part of the plasma concentration time curve where the absorption
of theophylline from the sustained release formulation 1is assumed
to be complete.

The mean of two duplicate assays was used for the determination
of all results. The measurement of Cmax’ tmax’ Cmin’ tmin were
the maximum and minimum concentrations actually recorded and the
sampling time respectively. The measurement of other pharmacokinetic

parameters is explained in Appendices 1 to 3 andin the experimental

test.

STATISTICAL ANALYSIS

Analysis of variance was the most frequently applied statistical
analysis. This was carried out using the computer programmes at
both Aston and Sheffield Universities. In some studies additional

statistical interpretation was required.
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INTRODUCTION

Much work has been done to develop sustained release formulations
which give rise to minimal fluctuations in plasma concentration
in the steady state. The ultimate goal should be to produce a
solid dosage form from which constant (zero order) absorption of
theqphylline could be achieved over a 12 hour or 24 hour period
to mimic an intravenous infusion situation.

When this study was conducted, six sustained release theophylline
formulations were on the UK market recommended for 12 hourly
administration. No direct comparison between the pharmacokinetic
parameters of all six products had been made in the past. Spangler
et al (1978) compared five sustained release products available
on the American market of which two were also availlable in the
UK. Hendeles et al (1984) in a review article, presented compiled
data for twelve sustained release theophylline formualtions of
which a number were on the UK market or have been marketed since
1982. Fagerstrom and Heintz (1983) compared three sustained release
products on the Swedish market and a number of other authors compared
formulations, one with another, normally using Theo-Dur as a standard
comparison. [Conard et al (1982), Walker et al (1982), Upton et
al (1980) amongst others].

None of these studies had been conducted with co-administration
of the drug with food. Pedersen (1981) had demonstrated in children
that co-administration of a theophylline sustained release tablet
(Nuelin SA) and a light breakfast had prolonged tmax’ reduced Cmax
and produced prolonged flatter plasma time profiles, a beneficial
effect 1if sustained release products were ideally going to mimic

an intravenous infusion. It was therefore decided to conduct a
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study on the then current sustained release theophylline formulations
available on the UK market to compare their pharmacokinetic parameters.
At the same time as administration of the drug it was planned that
a light breakfast would be eaten to determine the effect on Cm

ax

and t .
max
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METHODS

Subjects were seven healthy, non-smoking male volunteers,

aged between 23 and 37 years and weighing 68 to 76.5 kg. Informed

consent was obtained and the study protocol was approved by the

Central Birmingham Health District Research Committee. All subjects

refrained from xanthine containing foods and drinks for 24 h before
and 30 h following drug administration. Single oral doses of Theo-Dur
(500 mg), Theograd (350 mg), Phyllocontin (650 mg aminophylline
= 520 mg theophylline), Nuelin SA (500 mg), Rona-Slophyllin (500 mg)
and Theocontin (400 mg) were given at least seven days apart in

random order. Products were supplied from a single batch as whole

tablets or capsules.

The dose was swallowed with 180 ml of water immediately following
a standard breakfast (cereal, toast, marmalade and milk; 17 g protein,
27 g fat and 76 g carbohydrate). At four hours post-dose, the
subjects ate a standard salad lunch (17 g protein, 19 g fat and

51 g carbohydrate).

Blood samples were taken either via an indwelling cannula

or by venepuncture, immediately before dosing and at 2, 3, 4, 5,

6, 8, 11, 24 and 30 nh. Plasma was assayed for theophylline by
enzyme immunoassay (EMIT, Syva, UK). The between batch co-efficient

. -1
of variation was 9.4% and the lower limit of measurement was 1 pg ml .

The pharmacokinetic parameters, Cmax’ tmax’ elimination half 1life

t and decay constant kd were calculated graphically. The area

1
2

under the plasma concentration time curve (AUC0_3O) was calculated

by the trapezoidal rule and \AUC3O_;?: was determined by dividing

the final concentration by the decay rate constant. The rates

of absorption k, (first order) and ko (zero order) were calculated

A
using the method of Wagner and Nelson (1964). Statistical analysis

was performed by one way analysis of variance.
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RESULTS

The results are summarised in table 2 and figure 1 . There
were no statistically significant differences between the products
in any of the parameter measured. Using a 1linear fit (correlation
co-efficient) of the plasma concentration data, absorption equally
fitted both first and zero order models. The zero order absorption
rate constants and the first order absorption rate constants are
presented in tables 3, 4 and 5.

Cmax and AUC values for Theocontin and Theograd at the dose
administered were lower than the corresponding values for the other
four products. However, when the AUC was adjusted to a standard
500 mg dose, the values for all preparations were similar. The
highest CmaX associated with the least tmax for Rona-Slophpyllin
and Phyllocontin. The mean tmax ranged from 7.3 tc 10 h, the highest
value being found for Theo-Dur. The decay half 1life of Nuelin
SA was longer than that of the other products and it also had the
highest standard error of the mean. All products produced a plasma
concentration at 11 h which was greater than 80% of CmaX

Volunteer 2 produced erratic plasma concentrations but these
were found throughout the six products tested and therefore were
included in the results. Yolunteer 5 withdrew from the study and
the data was not included therefore, all data was based on the
results of the remaining six volunteers.

Figure 2 shows the superposition projection {Gibaldi 1982)
of the mean plama theophylline concentrations following a single
dose (500 mg) of Nuelin SA and Theo-Dur to steady state 1n the

six volunteers.
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DISCUSSION

No statistical differences in any of the parameters measured
were seen between the sustained release theophylline formulations
examined. These findings are similar to those of Sharma et al
(1981), who carried out a single dose comparative study with Theograd,
Theo-Dur, Theolair SR (Nuelin SA) and Rona-Slophyliin and concluded
that "there 1is 1little to choose between the preparations in
maintaining plasma levels over 12 hours™.

In this study the sustained release preparations did partition
into two distinct groups, Nuelin SA and Theo-Dur in one group and
Rona-Slophyllin, Phyllocontin, Theocontin and Theograd in the other.
Both Nuelin and Theo-Dur had 1longer rates of decay, kd’ larger

AUC higher half 1lives and increased tmax when compared with

O-o2’
other sustained release products. In most studies comparing Theo-Dur
with other sustained release preparations, it has been shown that
absorption of this formulation was either close to zero order
[Spangler et al (1978), Fagerstrom and Heintz (1983), Sharma et
al (1981), Walker et al (1982)] or was no different from the other
formulations with which it was compared [Domson et al (1979), Langaker
et al (1981)]. Although not statistically significant in the present
study, Theo-Dur correlated to zero order (table 4 ) closer than
any other preparation. In common with other studies, Theo-Dur was
shown to have the longest tmax' However, 1in chronic dosing a
difference of this degree between the other products does not appear
to be clinically important. This can be illustrated using figure 2,
which is a twice daily multiple dose computer simulation using
the manually generated absorption and elimination rate constants
derived in this study. At steady state, the tmax for Theo-Dur
still remains 1longer than for Nuelin SA but is of no clinical

importance. The peak to trough variation is less than 3.0 ug ml‘1

for both products.
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Walker et al (1982) compared Theo-Dur with Phyllocontin in fasting
volunteers. Using a single dose, they demonstrated a significant
difference in tmax between the two formulations and computer simulation
of single dose data to steady state showed no difference in peak
to trough variation or Cmax between the products at projected steady
state levels. Certainly, single dose studies are useful for obtalning

basic pharmacokinetic parameters but for comparisons between products

with c¢linical implications, experimentation at steady state must

also be conducted. At steady state the differences seen in single
dose studies become 1less dramatic. Hendeles (1984) 1is in favour
of single dose studies using computer predictions to predict

steady state serum concentrations as a practical and inexpensive
way of comparing large numbers of sustained release products. The
problem with this approach is that the pharmacokinetic parameters
used are assumed to be independent of population and as already shown
by Dederich et al (1981) and Bell et al (1980) amongst others, the
pharmacokinetic parameters can vary widely amongst the general
population as opposed to a selected population of healthy volunteers.
Even in controlled studies on theophylline the range of reported

1

data is large. The biocavailability for Slophyllin has been reported
between 75.0% (Spangler et al 1978) and 111.0% (Weinberger et al
1978) using single dose studies. At steady state other factors such
as diurnal variation, gastric motility and diet tend to become less
influential.

The half 1ife of Nuelin SA in this study was longer than any
of the other products tested, 12.3 h. In theory, with a 12 h dosing
interval the peak to. trough variation should be 1less with Nuelin
SA than with the other formulations. When projected by computer

simulation to steady state, however, this is not apparent (figure 2}.

Only Conard et al (1982) has reported a half life for Nuelin SA of
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this magnitude, 10.7 h in fasting adults. In Conard's (1982) study
this half life was twice as great as that reported for Slo-phyllin,
and concurs with the present study. Very few studies have measured
half 1lives of Nuelin. Sips et al (1984) measured a half life of
6 h for a new 300 mg Nuelin preparation.

Apart from Nuelin SA most of the reported half lives in the
literature are longer for the sustained release products than 1in
this study. Sharma et al (1981) reported a value for Theograd
of 12 h, Theo-Dur 10.6 h, Nuelin SA 250 mg, 10.6 h and Rona-Slophyllin,
7.1 h. Jones (1979) gave Phyllocontin a half 1life of 9.16 h in
asthmatic patients and similarly McDevitt et al (1979) reported
10.3 h for Phyllocontin. In the study by Sharma et al (1981) the
half life was calculated using the apparent elimination rate constant
from plasma concentration up to 24 h. It 1is possible that this
simple method for calculating elimination rate constants in sustained
release products is liable to erroy as in the earlier part of the
elimination phase of the plasma concentration time plot drug could
still be absorbed. In this study the 1last plasma concentration
measurement was taken somewhat later, at 30 h, and only the later
plasma concentration taken to calculate the rate of decay to avoid
this problem.

The tmaxs reported by Sharma et al (1981) are less than those
found in this study and this may be explained by a delay caused
by food (Pedersen 1981). No food or water was taken with the drugs
in the Sharma study until 2 h after dosing and the amounts were
not controlled. Similarly reported values for Phyllocontin of
at o of 4.4 nh (Jones 1979) and 3.9 h (McDevitt et al 1979) did not
take food into consideration. A number of investigators have reported
the tmax of Nuelin SA without food to be between 3.6 and 4.7 h (Langaker
et al 1981, Domson et al 1979). Similarly for Theo-Dur a tmax of 3.6 h

(Langaker et al 1981) and 10 h (Domson et al 1979) have been reported.
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Only Leeds et al (1982) found a prolongation of tmax for Theo-Dur
by 2 h in six adult volunteers. If the values of tmax reported 1in
the 1literature are used, the co-administration of food appears to
have increased tmax in this study for Nuelin SA and Theo-Dur.

When corrected for a 500 mg dose, all of the products have similar
Cmax and, as Sharma et al (1981) concluded, given at 12 h intervals
all would be capable of producing adequate theophylline concentrations.
The design of the formulation does not appear to matter, whether
it is a multipellet preparation (Rona-Sl.phyllin), a matrix (Theo-Dur,
Nuelin and Theograd) or a "continus" (Phyllocontin and Theocontin).
The effect of food to reduce Cmax can only be extrapolated from other
data. If this is valid, for equivalent doses of Nuelin SA and Rona-
Slophyllin the Cmax from the Sharma et al (1981) study would have
been 9.8 ug ml”" and 10.0 ug m1”! respectively. The data for Theograd
at the same dosage, 350 mg does differ, Sharma et al (1981) obtaining
a very low Cmax of 3.9 pg ml“1 compared with 6.6 ug ml—1 in this
study. The Cmax of Theo-Dur seems to be consistent with those reported

-

by a number of workers, Talseth et al (1981), 8.6 pug ml , Leeds

et al (1982) 7.8 ug ml” with food. Similarly, values for Nuelin SA

are compatible with the reports of Mitchell et al (1980), Cmax 8.0
g ml_1 with food and with the work reported by Pedersen 1981, 10.2
g ml—j' and the later work by Pedersen and Moeller-Petersen (1982)
of 8.7 and 9.8 ug ml_1 in children with food. The reported Cmax

for Phyllocontin for a 450 mg dose is 10.05 ug mlw] in fasting patients
(Jones 1979). If it is valid to extrapclate reported data to this
study it would appear that the co-administration of food may have
caused a small reduction in Cmax but this is unlikely to be either
statistically or clinically significant.

The bicavailability of the six products compared as measured

by the AUCO - Was not statistically significant between products.
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CONCLUSION

This study has shown that for the sustained release theophylline
preparations on the UK market, no significant differences occur
in the pharmacokinetic parameters measured. All products, given
in adequate doses with food, would result in clinically effective
plasma concentrations of theophylline for a substantial part of
the dosing interval, although preparations with a shorter half
life such as Phyllocontin would produce greater peak to trough

variation.
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INTRODUCTION

The British Pharmacopoeia applies the dissolution test to
those drugs which have demonstrated formulation problems in the
past. These problems can affect the solution of the drug, eg,
digoxin, warfarin, oxytetracycline. No such standard has, however,
been applied to sustained release products in any official pharmaco-
poeia, yet 1t has been demonstrated by a number of authors (Mitenko
and Ogilvie 1974, Spangler et al 1978 and Weinberger et al 1978)
that enteric coated and sustained release formulations of theophylline
have different absorption profiles. Depending upon the formulation
characteristics, the release of theophylline from various dosage
forms can differ substantially. Weinberger et al 1981 demonstrated
that formulation and dosing interval were important considerations
if fluctuations of serum theophylline concentrations in children
with chronic asthma were to be avoided. Thus in vitro dissolution
testing of sustained release theophylline preparations may provide
useful information before proceeding to studies 1in volunteers,
in vivo.

Jonkman et al 1981, wusing a modified disintegration test
apparatus performed a dissolution experiment on Theolair Retard
(Nuelin SA) and Theo-Dur. By altering the pH of the dissolution
media frome-1 M Hydrochloric acid pH 1 to phosphate buffer pH 6.8
he demonstrated that the release of theophylline from Nuelin SA
was far more rapid at pH 6.8 than at pH 1.0. The same author repeated
the dissolution experiment 1in 1982 (Jonkman et al 1982} using the
USP dissolution model apparatus 2 (paddle) and apparatus 3 (oscillating
tube) on the same theophylline formulations and correlated this

in vitro data with in vivo data. He found the best correlation

to be between the apparatus 2 (paddle) method of dissolution and the

in vivo data. Later Simons et a1 1983 used the USP rotating-basket
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dissolution apparatus, which had now become the pharmacopoeia
recommended apparatus, to compare the dissolution profiles of eight
sustained release theophylline formulations available on the american
market (Aerolate 65 mg and 130 mg capsules, Slo-phyllin 125 mg
and 250 mg gyrocaps, Theo-Dur 100 mg, 200 mg and 300 mg tablets
and Theo-lair (Nuelin SA) 250 mg and 300 mg tablets). He used
the United States pharmacopoeia simulated gastric and intestinal
fluid at pH 1.2 and 7.48 respectively. Simons found that all products
tested displayed sustained release characteristics and that different
strengths of the same formulation displayed different dissoclution
rates. A substantial inter-product variability in dissolution
rate was demonstrated. Once again Simons commented that theophylline
sustained release formulations cannot be considered as a single
entity and <can provide very different release characteristics.

It was therefore decided to conduct an experiment similar
to the Simons 1983 study on the sustained-release theophylline
preparations available on the UK market to see if analogous problems
occur with these formulations as with the american products and
to see if there was any correlation between the dissolution rate
profiles for these products and the absorption phase of the plasma

concentration-time profiles obtained in the previous experiment

(Chapter 1).
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METHOD

Single batches of Nuelin SA 250 mg, Phyllocontin 225 mg, Rona-
Slophyllin 250 mg, Theocontin 250 mg, Theograd 350 mg, Theo-Dur
300 mg and Theo-Dur 200 mg were evaluated using the dissolution
test for tablets and capsules. Five replicate tests were carried
out on each dosage form in simulated gastric fluid and simulated
intestinal fluid. The simulated gastric fluid was prepared by
dissolving 2 g of NaCl and 3.2 g pepsin in 7 ml of concentrated
HCl with sufficient water to make 1000 ml. The pH of the solution
was 1.2. Simulated intestinal fluid was prepared by dissolving

6.8 g of KH2PO in 250 ml of water then adding 190 ml of 0.2 M

4
NaOH and 400 ml of water. The solution was mixed, 10 g pancreatin
was added and the pH adjusted to pH 7.48 with 0.2 M NaOH and made
up to 1000 ml with distilled water.

Each tablet was placed into the apparatus when the temperature
of the dissolution medium had reached 37 °C. 5 ml samples were
withdrawn from the midpoint of the rotating basket between 33 - 39 mm
from the bottom of the flat bottomed glass flask holding the
dissolution medium at 0, 1, 2, 3, 4, 5, 6, 8, 12, 16, 20 and 24 hours
after addition of the dosage form. Samples were filtered immediately
through a 0.45 micron millipore filter and the volume replaced
by pre-heated fresh dissolution medium. The quantitative determination
of theophylline was determined spectrophotometrically by the method
of Yound and Shelver (1976).

. -1
Calculation of theophylline concentration (pg ml ) = (A - B)
C

Where A = Absorbance of sample at 275 mm minus absorbance of sample at

310 mm

B - Absorbance of sample at 275 mm minus absorbance, of blank,

310 mm
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solutions of pH 7 and 9,

each buffer to obtain concentra

The basket was rotated

study periods.




RESULTS

Both “calibration curves of theophylline in simulated gastic

and 1intestinal fluld were linear over the concentrations measured
= b

-1
0 - 30 mg 1 . The percentage drug dissolved against time is

summarised in table 6 and graphically in figures 3 to 6.

SIMULATED GASTRIC FLUID

All products tested released between 10 and 25% theophylline
in the first hour. The release of theophylline from Theograd was
the most rapid, 50% being dissolved in 2.5 h and 100% in 7.5 n.
Nuelin SA and Phyllocontin had similar profiles (see figure 3 ),
both producing the lowest percentage dissolved at 24 h, 78.2% for
Nuelin and ©9.3% for Phyllocontin. Theocontin and Phyllocontin
both having the same continus release mechanism, produced almost
identical dissolution profiles, up to 8 h. After that time, the
rate of dissolution for Theocontin increased, with 88% being dissolved
after 24 h compared with 69% for Phyllocontin. Similarly, ©61.3%

and 63.7% of the 2 dosage forms of Theo-Dur were dissolved (300

mg and 200 mg formulations respectively) at 6 h but then the 300 mg

v

formulation had a slightly increased rate until 16 ©h when 96.4%

and 97.9% of theophylline was dissolved for the 300 mg and 200

mg formulations respectively. Rona-Slophyllin released 95% theophylline

over 16 h then remained constant at 95% up to 24 h.

SIMULATED INTESTINAL FLUID

Nuelin SA and Rona-Slophyllin had rapid dissolution 1n simulated

intestinal fluid. After 2 h 57% and 80% of theophylline had been
In intestinal fluid

released from each formulation respectively.

the formulation from the same manufacturers of Theo-Dur 200 mg

and 300 mg tablets, Theocontin and phyllocontin had different
dissolution profiles. At 2 h Theo-Dur 200 mg and 300 mg tablets

were almost identical at 27.3% and 26.9% respectively, but thereafter

Th




the release of theophylline from the 200 mg formulation was much

faster, 95% of theophylline being dissolved after nearly 6 h compared

with 12 h for the 300 mg formulation. Theocontin's release of

theophylline was more prolonged than Phyllocontin. After 6 h twice
as much theophylline had been dissolved from Phyllocontin, 69%

compared with Theocontin's 33.2%. Theograd had, again, a rapid

dissolution profile, 63.7% of theophylline being dissolved in 6 h.

All products tested showed sustained release characteristics

in both simulated gastric and intestinal fluid.
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DISCUSSION

The 1deal sustained release theophylline formulation should

) ot .
have a constant release mechanism over the 12 n dosing interval

in both gastric and intestinal fluids. Its release should not
differ with regard to pH or digestive enzyme systems. Dissolution
experiments where changes in pH and dissolution media can be affected
economically could be used to test formulations prior to 1in vivo
experimentation if such in vitro methods could be designed to
reflect the release of the drug in patients. The mean gastric
residence time has been reported to be 3.61 I 1.47 h (Wagner 1969)
therefore the formulation has to be subjected to an acidic gastric
environment for about 2 to 5 h and then during the remaining dosage
or release interval to alkaline intestinal fluids. To meet the
ideal, the formulation should be pH independent and release approx-

imately a third to a quarter of the total theophylline dose in

the first 3 h interval in gastric fluid. In this experiment five

ocut of seven formulations tested released between a quarter and
a third of the total theophylline in the first 3 h in gastric fluld

as follows:

Formulation % Theophylline Released
Theograd 62.6%
Rona-Slophyllin 43.6%
Nuelin SA 33.8%
Theo-Dur 300 mg 32.2%
Theo-Dur 200 mg 32.1%
Phyllocontin 28.1%

26.9%

Theocontin
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Using the same dissolution media ang rotating basket method

L0
of dissolution, Sifdns et al (1984) also obtaineq results which

when analysed showed five out of nine formulations from four different

manufacturers to release between a third and a quarter of theophylline

by 3 h in simulated gastric fluid. Unfortunately Simons labelled

the formulations from A to J so the brand of sustained release

cannot easily be identified. It 1is of 1interest to note that in
the Simons study all the tablet formulations did achieve the third
to a guarter of theophylline released in 3 h but none of the capsule
formulations achieved this ideal. Two capsule formulations from
one manufacturer obtained a slow release of 13.9 and 8.6% of
theophylline after 3 h and a further two formulations from another
single manufacturer released 61.9 and 72.3% over 3 h. In our study,
one capsule formulation was tested, Rona-Slophyllin, and again
this formulation released a high percentage of theophylline during
3 h in gastric fluid (43.6%). This dissolution test may be a
disadvantage to a capsule formulated product due to the agitation
causing the gelatin capsule to rapidly swell and burst its contents.
The multipellet formulation being designed for rapid dispersion

into the alkaline duodenum may be erratically affected by a constant

acidic environment. Recently, Hendeles et al 1985 reported dose-

dumping by a multipellet capsule formulation, Theo-24, when given

with a large meal. When given to fasting patients it has sustained

release characteristics but when it is delayed 1in the stomach by

the presence of food, rapid release of theophylline may occur.

i 1 flaws in
Dissolution experiments may be able to predict such

i - issolution
formulations. It would be interesting to carry-out a diss

i i ormulation
test on the american product, Theo-24, and 1ts sister f ,

} 0 see if rapid
Provent, which 1is available on tne UK market toO
(This study was,

: ; lace.
dissolution 1in gastric fluid does take P
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unfortunately, unable to be done due to the initial experimentation

being conducted some years before Provent was marketeq ang insufficient

time to repeat the experiment.)

Simons et al, 1984, was concerned about the variation .

dissolution rates of the same formulation containing different

strengths of theophylline. This was not seen in the present study

where almost identical values for percentage theophylline dissolved
were recorded for the Theo-Dur 200 mg and 300 mg formulations both
at 3 h and 6 h dissolution in gastric fluid (see table 6) and
similarly with Phyllocontin and Theocontin. The behaviour of the
formulation pairs was not so similar in intestinal fluid, the
variation in the Theo-Dur formulations becoming apparent after
two hours dissolution and although Theocontin and Phyllocontin
had the 1longest dissolution rates in intestinal fluid, they were
substantially different. In Simons's work the only formulation
used (also in our study) was Theo-Dur 200 mg and 300 mg and, although
unable to identify the brand of formulations, only two products
produced a percentage dissolution rate over 46% at 6 h in gastric
fluid and both were capsule formulations. Therefore, by deduction

the rates of release from Theo-Dur in the Simons study were far

less than measured in this study. Indeed, only the slow dissolution

of Theocontin and Phyllocontin had similar values at 6 h in the

present study compared with the majority of products tested by

Simons. The dissolution media, temperature and the speed of basket

rotation were identical in both experiments, but the UK products

would appear to be dissolved faster than the USA counterparts.

Jonkman et al 1982, had conducted experiments ;o see which
9

! 1 with
of three dissolution apparatuses compared most favourably

i < i 1 aratus
the in vivo solution but the rotating pasket dissolution app
ot e the results

e are
was not ‘used. It 1is therefore difficult to comp

i identified
of Jonkman to this study and that of Simons. As Jonkman 1

Qs

T




in his 1982 work, the apparatus used affects the dissolution result
S

obtained.  Jonkman (1982) also tried to mimic the gastric emptying

time by changing the dissolution media from 0.1 M Hydrochloric

acid to a phosphate buffer solution PH 6.8 after two hours whereas
b

no change of media whilst dissolution was taking place was attempted

in either Simons's or this study. Possibly because the dissolution

media used by dJonkman was different from our own and Simons's study,
Jonkman reported problems in tablet wetting affecting the rate
of dissolution. Jonkman added polysorbate 30 to the dissolution
media to speed up dissclution rates to try to obtain a similar
dissolution profile to serum concentration time profiles in patients.
In a number of patients some correlation was achieved between in
vitro and 1in vivo data although the mean dissolution rate data
was at variance with the mean percentage absorbed as calculated
by the Wagner-Nelson analysis (Wagner and Nelson 1964). In our
experiment the percentage of theophylline absorbed over time was
not measured (chapter 1) but the rate of  absorption of the
formulations, as measured by the zero order constants, when placed
in rank according to rate of absorption is different from either

the rank of products based on the rate of dissolution in gastric

or intestinal fluid. The dissolution data both in Jonkman's study

and our own does not appear to reflect the 1in vivo situation.

The factors affecting absorption from sustained release products

in vivo are complex and many, but a simplistic in vitro could serve

to detect major formulation faults eg, Theo-24.

Tt was Jonkman et al in 1982 who highlighted the problem of

i i in SA).
pH dependant release 1in dissolution studies of Theolair (Nuelin )

lair
He showed that 25 % of theophylline was released from Theolal
phosphate buffer pH 6.8

up to 2 h in acidic media. When changed to

i i i in a
after a further 2 h, 90% of the drug was 1in solution, 1ie,

Qo




total of 4 h, the majority of the drug had been released from Nuelj
in

Sh/Theolair. —In this study, Nuelin sa 250 mg behaved as predicted

by Jonkman. — Over the first 4 h in gastric fluid it behaved the

same as the other sustained release products tested. In simulated

intestinal fluid, Nuelin's dissolution was rapid (see figure 7 )

Only Theo-Dur 300 mg had similar release Characteristics in both

gastric and intestinal fluid (see figure 8). Jonkman's study was

a comparison between Nuelin and Theo-Dur and hence Nuelin was labelled
pH dependent, and Theo-Dur non-pH dependent. All other formulations,
with the exception of Theo-Dur, in my study showed similar pH
dependency to Nuelin. The effect of such dependency as in vivo
is difficult to predict. Certainly no difference in pharmacokinetic
parameters between Theo-Dur and the other formulations tested were
seen in the in vivo studies in chapter 1. Jonkman offers no indication
of the clinical significance of the pH dependent release of Nuelin SA.
It may be assumed that providing the release of Nuelin SA and other
pH dependent formulations are still slow enough, dose-dumping would
not occur. If rapid release occurs in intestinal fluid, the delay
of theophylline absorption in pH dependent products by food would
be important. It is interesting to note that the only substantial

report of food prolonging the absorption of theophylline has been

that of Pedersen 1982 using Nuelin SA. Efforts of other workers

to reproduce such delays 1in theophylline absorption, reported by

Pedersen, have been frustrated (Leeds et al 1982) . It is possible

that this is because the pH independent formulation, Theo-Dur,

has been used. If the difference in dissolution rate between gastric

V ] ndence is
and intestinal fluid is taken, the order of pf depe

i - 200 m
Nuelin SA > Rona-Slophpyllin 2 phyllocontin and Theo pur g

3 his theory 1s
> Theocontin > Theograd and Theo-Dur 300 mg. If t

ion of these
correct, food would be expected to decreaseé the absorptil

O L




products 1In the same rank order. In the Leegs 1982 study, the
’

100 mg formulation of Theo-Dur (not available in the UK) was shown

to be more affected by food at 1, 2, 3 anq 4 hours compared with

the 300 mg formulation.  In my experiment the 200 mg formulation

was more pH dependent than the 300 mg. Tt could be that this is

also true of the 100 mg formulation and hence it would be more
affected by food. Theograd rapidly dissolves in both gastric and
intestinal fluid and because the difference is not great, although
rapidly dissolving in intestinal fluid, it would be expected to

be uninfluenced by food.

Q7
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INTRODUCTION

The advantage of monitoring a patient's drug therapy by non-

invasive techniques has encouraged investigations into the correlation

of drug concentrations in other body fluids, notably urine and

saliva, with serum drug concentrations. Saliva is a readily

accessible fluid and has attracted great interest as to its suit-

ability for measurement and prediction of therapeutic levels.

Correlation between saliva and serum concentrations of phenytoin
(Bochner et al 1974, Friedmann et al 1981) and carbamazepine (Troupin
and Friel 1975, Rylance and Moreland 1981} have been proved useful.
But the usefulness of theophylline saliva concentrations still
remains to be determined. Some studies (Galant et al 1977, Golds-
worthy et al 1981, Jonkman et al 1987 and Koysooko et al 1974)
have demonstrated a good correlation between saliva and serum concen-
trations of theophylline, whilst others have suggested that saliva
levels are of 1little use in predicting serum concentrations (Boobis
et al 1979, Munch et al 1981, Sharma et al 1981). The problems

i i o
associated with the use of saliva concentrations are those of

variation of theophylline pharmacokinetics, the uniformity of

collection of saliva samples, saliva pH, the diffusion of theophylline

from plasma into saliva, the effects of the rate of saliva flow

and the composition of saliva.

Theophylline 1is well absorbed from oral solution, plain and

i release
uncoated tablets (Hendeles et al 1978) and sustained

i ~individual
formulations (Weinberger et al 1978) but the greatest inter
e its clearance.
variations in human subjects ~are related to S

i 1 1975)
Theophylline clearance varies with smoking (Jenne et a ,

(piafsky et al 1977) con-current

age (Nassif et al 1981), disease state

1977, Weinberger et al 1981) and diet

drug therapy (Kozak et al

e any assumption that a fixed serum

(Feldman et al 1980) therefor
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to saliva ration will remain stable even for the same patient
over

a period of time is tenuous.

Methods 1in the 1literature for the collection of saliva are

varied. Some investigators have used whole saliva collected by

various means or individual glandular secretions. Saliva flow

can be stimulated by the use of citric acid, lemon juice, glass

beads, teflon, paraffin film or arabica gum (Mucklow 1982). Parotid

saliva can be collected by cannulation of Stenson's duct, and sub-
mandibula saliva has also been used (Truelove et al 1967). As
the methods of <collection of saliva vary, the composition also
varies and hence correlation between one study and another may
be limited in value.

With the exception of the gums and the anterior part of the
hard palate, minor mucus glands exist in most areas of the oral
mucosa. Fluid from these glands, as well as from the paired parotid,
submandibular and sublingual glands mix in the confluence of oral
secretions known as whole saliva. The relative contributioin made
by different glands varies with total flow rate. Under resting
conditions the submandibular glands account for about 65%, the

parotid 23% and the minor mucosa glands 8% and the remaining 4%

drains from the sublingual glands. When saliva 1is stimulated with

. . . . : ig h arotid
citric acid or lemon juice, 50% of whole saliva is from the p

glands (Mucklow 1982).

The main constituents of human saliva are protelns, sodium,

. . : £ inorganic
potassium, calcium, magnesium, chloride, bicarbonate and &

disintegrating

phosphate. Also found in human saliva are intact and
| i nd food
leucocytes, epithelial cells, bacteria, dental plaque @

i te of
debris. The proportion of saliva from each gland, its ra

. . nh cycle in
production and its composition varies throughout 2 24 y

individuals (Dawes 1972).
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Under resting conditions i
y parotid saliva i i
pPH lies in the ran
ge

of 5.5 to 6.0 and the submandibular pH 6 to 7. Within an indi
. individual

resting saliva pH 1is fairly constant, but following stimulation
it can rise Dby as much as two pH units and the extent of the increase
is dependent upon the increase in flow rate (Dawes and Jenkins 1964)
With these wvariables in mind it was decided to conduct an
experiment to investigate the inter-subject variations of saliva

concentrations of theophylline and their correlation to serum

concentrations.
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METHODS

Six healthy, non-smoking, male volunteers aged between 24

and 37 years with weights ranging from 65 to 78 Kg participated

in this study. All receilved Nuelin SA (500 mg of theophylline)
or Phyllocontin Continus (650 mg aminophyliine T 520 mg of

theophylline)} as a single dose, administered at least 1 week apart.
Tablets were swallowed whole. The subjects refrained from xanthine-
containing foods and drinks for 24 h before and during each test.
A standard breakfast and lunch were given on each day of the study
and the tablets were swallowed immediately after breakfast. The
mouths were then rinsed with 50 ml of water. In addition, three
of the subjects were administered Nuelin SA on a second occasion
under identical conditions, 6 weeks later.

Blo'od was drawn via an indwelling cannula or by venepuncture
at 2, 3, 4, 5, 6, 8, 11 and 24 h following ingestion of tablets.
Saliva samples stimulated by tongue movements, were collected at
the same time. Saliva was centrifuged to separate mucoid and serous
fractions. A1l samples were stored at -20 °C until analysis by
enzyme imunocassay (EMIT Syva Corporation). The between batch co-

.. . . ) imi Y ment
efficient of variation was 9,4% and the lower limit of measureme

was 1 pg m1_1. Statistical analysis was by linear regression analysis

t { iven
using the method of least squares. approval for the study was gLy

by the Central Birmingham Health District Ethical Committee.
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RESULTS

A clear relationship between saliva ang plasma values was obtained

using all measurements recorded for both preparations (102 paired

samples availlable for analysis, figure 10).

However, there was a poor predictive value for plasma concen-

trations wusing individual saliva values. For example, a saliva
9

concentration of 2.5 ug m”] gave corresponding plasma values ranging
from 2.8 to 0.6 ug ml-1. Considerable improvement in the correlation
coefficient could be produced when the mean saliva and mean plasma
values, for the six subjects, for each time point in the study,
were plotted. Using mean values, the correlation coefficient for
Nuelin SA was 0.98 (n = 62; P < 0.001) and for Phyllocontin was
0.96 (n - 40; P < 0.001).

The results for the three volunteers, who were studied on
a total of three occasions, are shown in figure 9. Volunteer A
showed a good, consistent correlation between saliva and plasma
theophylline concentrations on each occasion studied. For volunteer

B there was a reasonable correlation on the first occasion (r =

0.9) following Nuelin SA but a much poorer correlation when this

Volunteer C showed good correlation coefficients

was repeated.

on two out of three occasions but the ratio between saliva and

plasma concentrations varied.
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Plasma theophylline {(ug ml
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phylline in six healthy subjects for all
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entrations of theo
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igure 10 Correlation between plasma and saliva conc
ented by the equation.

?)ag(l)?les collected (n = 102). The regressio
.001) where y = plasma concentration and

n line is repres
x = saliva concentration.




DLSCUSSION

This study confirms the work of others (Boobis et al 1979
}

Munch et al 1981, Sharma et a] 1981)

that saliva estimations are

unreliable predictors of plasma values of theophylline following

single dose administration in adults. The reasons for this are

uncertain but may be due to inter-individual variation in the factors

which affect transfer of drug from blood to saliva, such as saliva

pH and flow rate. The collection of mixed saliva samples may also
introduce greater wvariation than collection from an individual
gland (Stephen & Speirs 1976). Individual variation in elimination
rates of theophylline 1s well recognised (Ogilvie, 1978) and
variability in the plasma profiles of theophylline following repeated
single dose administration has been noted by Dederich et al (1981)
and was noted in some of our subjects. In agreement with Culig
et al (1982), we found an improvement with time in the correlation
coefficient between saliva and plasma levels (r = 0.317 at 3 h and
r - 0.89 at 8 h for Nuelin SA). This improved correlation at later
times after dosing may reflect the delayed absorption and longer
distribution phase with this type of sustained release preparation

(Mucklow 1982). Variable binding of drug to albumin in the saliva

is unlikely and would not have been detected in our study, but

. . \ ; i liva
some drugs have been shown to pind to the mucoid sediment of sa a

; i thi ay represent
which contains mucoproteins and cell debris and this may p

. . = ing Paxton et
a source of variation when centrlfugln{%‘am sampling (

al 1977, Anaveker et al 1978).
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CONCLUSION

concomitant plasma concentrationé/

relationship may be consistent
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TNTRODUCTION

Many sustained release theophylline formulations are available

using a variety of mechanisms to achieve slow/sustained release

(Weinberger et al 1978).  Administered once or twice daily

theophylline SR 1s effective in the treatment of airways obstruction

(Ogilvie 1978, Hendeles and Weinberger 1982) and provides fhe

possibility of better patient compliance than rapidly absorbed

preparations (Tinkleman et al 1980). The opportunity for less
frequent dosing may be particularly important in the treatment
of children and smoking adults whose rapid metabolism may require
treatment schedules with unrealistically short intervals with serious
loss of compliance (Jenne et al 1975, Hendeles and Weinberger 1978).

However, even 12 hourly dosing schedules involve taking
medication in association with meals, particularly the taking of
the morning doses with, before or after breakfast. The evening
tablet is less likely to be taken with an evening meal, which for
most people 1is necessarily more varied in timing than breakfast.
Food has been reported to delay the rate of absorption of some

of these preparations and this has peen markedly demonstrated 1in

single dose studies (Pedersen 1981, Leeds et al, 1982). Food

constituents themselves have been reported to affect the metabolism

of theophylline. A protein-rich diet increases metabolism whilst

the half-1life of theophylline is longer after carbohydrate-rich

. 3 1 1 d
meals (Welling et al 1975, Kappas et al 1976). Taking sustaine

ithout
release theophylline with different volumes of water or W

a hylline
any water has also been shown to affect the release of theophy

revi i dose study
(Welling et al 1975, Pedersen 1984) . A previous single
en the sustained

. . e
(Chapter 1 ) showed no significant differences betw

single doses taken

. ‘nor
release products available 1P the UK followlng

immediately after breakfast.



Since sustained-release theophylline preparations are exposed

for a longer time to gastro-intestinal influences than conventional
a

preparations, the effect on both single and multiple dosing of sustained

release theophylline needs to be evaluated (Pedersen, 1981) Multiple
3 .

dosing schedules are more realistic representations of normal

prescribing in therapeutic valuation than single dose studies although
3

both are needed to fully elucidate the kinetic characteristics of

any preparation.

Comparison of two leading theophylline formulations, Theo-Dur
and Nuelin SA, have been made by others, (Domson et al 1979, Langaker
et al 1981 and Talseth et al 1981). Domson et al (1979) carried
out a single dose study in children under fasting conditions. Langaker
et al {(1881) and Talseth et al  (13981) both reported steady state
studies but neither was conducted with co-administration of food.
Jackson and Wright, 1983, conducted a study on Theo-Dur alone with
what was described as, "actual clinical conditions." Fourteen patients
taking theophylline were allowed to eatl, drink and otherwise live
normal lives during the study. The eating habits were left to

the discretion of each individual.

No steady state study comparing (WO leading  theophylline

. . . : ida th ffect
formulations in a standardised experiment to elucidate the ¢

of food has been made in the past. Tt was therefore decided to

conduct an experiment to:

) ~ \ in S ith
1) Observe whether co-administration of Theo-Dur and Nuelin SA wi

) . - < of the formulations
food affected the pharmacokinetic parameters of t

compared with reported literature values.

. . a between
2)  Observe any differences In pharmacokinetic parameters
R nditions.
Theo-Dur and Nuelin SA under these standardised co



METHODS
bl

Eleven healthy male volunteers participated in this study

Their ages ranged from 20 to 34 years and their weights between

62.6 and 81.6 kg. All were non-smokers. Informed consent was obtained

and the study protocol was approved by both the Central Birmingham

Health District Ethical Committee and the University of Aston
3

Human Sciences Ethical Committee.

Nuelin SA and Theo-Dur tablets were given in a randomised,

cross-over design for 5 days at a dose of 250 mg and 300 mg
respectively every 12 h with a wash-out period of 48 h between
treatments. The tablets were taken whole, immediately following
the evening meal and breakfast. On day 6 the dose was swallowed
with 200 ml of water immediately following a standardised breakfast
consisting of «cereal, toast, marmalade and milk (17 g protein,
27 g fat and 76 g carbohydrate). No xanthine containing foods
or drinks were allowed for 24 h before and during the pericd of

blood sampling.
Blood samjes were taken on day 5 by venepuncture before the

morning and evening doses O check that steady state conditions

had been attained. Serial blood samples were taken on day 6 using

an indwelling cannula immediately before dosing and then 1, 2,

4, 6, 8, 10 and 12 h after the morning tablet. FPlasma was assayed

in duplicate for theophylline Dby enzyme immunoassay (EMIT, Syva, UK).

C and t yere estimated graphically. The area under
mas

max
(AUC ) was calculated by

the plasma concentration time curve 0-12

the trapezoidal rule.

i analysis
The plasma concentration data was subjected to a 2 way N

i i he two treatment
of variance and the pharmacokiNetlc parameters 1n t
i nt's t-test.
groups were compared using a twWo tailed Stude



RESULTS
RpoUL 2

The mean plasma serum fheophylline concentrations measured

at steady state on day © are shown in table 7. comparison of th
. e

two pre-dose plasma theophylline concentrations on days 5 and 6

confirmed steady state conditions. The plasma profiles are represented
graphically in figure 11 in which the concentrations obtained during
Theo-Dur treatment have been corrected to .a 500 mg dose for comparison
with Nuelin SA.

There were no statistical differences in any of the pharmaco-
inetic parameters measured (table 8). Theo-Dur had a smaller mean

peak to trough variation (2.4 ug ml”) compared with Nuelin SA

- . .
(2.8 pg ml ) but the difference was not  significant. Both
formulations were similar with respect to tmax’ AUCO_12 and corrected
Cmax' There was a signficant effect of the the order of admini-

stration (P < 0.001). Although the volunteers were assigned products
to be taken in a randomised, coded way, the mean plasma concentrations
after Nuelin SA were lower in volunteers taking the preparation
first rather than second, (6.1 Qg ml”! and 8.3 ug ml” ! respectively)
However,

-1 L, -1
whereas Theo-Dur was reversed (7.9 pg ml ~ and 6.0 ug ml ).

adjusting for order of administration there was no difference overall

between the mean serum concentrations for both products.
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 gaple 9:  COMPARISON OF STUDIES ON THE

pPedersen &
Moeller-
Petersen 1982

Jackson S H D
& Wright J M
1983

Domson J F et
al 1979

Mitchell E A
et al 1980

Talseth et al
1981

Langaker K 'E
et al 1981

Langaker K E

\kSiPS et al
_ losn

THEO-DUR
Author Formulation
Leeds et al Theo-Dur
11982 300 mg
leeds et al Theo-Dur
1982 300 mg
Pedersen Nuelin SA
1981 250 mg
pedersen Nuelin SA
1981 250 mg

Nuelin SA

11-12.9 mg/Kg

Theo-=Dur
4642134 mg

Theo=Dur
10 mg/Kg

Nuelin SA
10 mg/Kg

Nuelin SA
10 mg/Xg

Theo-Dur
250 mg (half
tablets)

Nuelin SA
250 mg
Theo-Dur

Nuelin SA

Nuelin SA

Nel o

300 mg

Nuelin SA
300 mg

1O;thldfen};:

SUbJéCfs/

6 Volunteeps
6 Voluntéérsi/

10 Childre@ ;1i

Normal
Food ;
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DISCUSSION

Only three publications have shown Nuelin SA or Theo-Dur to

be affected Dby co-administration of food, two of these by the same

author, Pedersen. Leeds et al (1982) showed in six volunteers that

Theo-Dur 300 mg when taken with food, (2 poached eggs, toast, margarine
and 4 ounces of skimmed milk) had a delayed t'nax of 2 h compared
to fasting. Leeds et al (1982) found that when the fraction absorbed
with time was calculated "those subjects who tended to absorb Theo-Dur
at faster or slower rates did so consistently regardless of food
or fasting treatments". For 300 mg tablets the only significant
difference in serum concentrations was found at the 4 nh sample,
not at 1, 2, or 3 h after administration or at subsequent sampling

intervals over the 24 h. Leeds (1982) applied analysis of variance

to the fraction of drug absorbed but not to the tm“x or Cmm( parameters.
ha. Hlavz

These were displayed graphically and there is no indication in the

paper whether this 2 h delay in tmax in six volunteers is significant

or not.
In a letter in the British Journal of Clinical Pharmacology

in 1987, Pedersen published a report in which 10 children received

Nuelin SA with breakfast. The breakfast given consisted of a welghed

quantity of cornflakes, rye bread, butter, salami and skimmed milk,
composed of 68 - 70% carbonydrate, 19 - 20k fat and 12 - 13% protein.

: ; : - i f i sult btained in the
No statistical analysis was applied to the results obta

study by Welling et al (1975) using Tedral tablets. 4 similar diet

of 80% carbohydrate, 11% fat and 9% proteln did not cause delay
At fat otein
in theophylline absorption. When the proportion of fat or pr

. 3 7 % la
was altered to an artificially high proportion, (over 50%) delay
1 (1980),

in absorption took place. Tn a study by Fieldman et ait

) 4 ted when the
changes in theophylline metabolism Were demonstrated

proportions of protein and fat were abnormally altered.
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Pedersen and Moeller-Petersen (1078) gave the same breakfast
as

as was given 1in Pedersen's first paper (1981). The delay in t
ma

ith a corresponding reduction i '

wit D g in C .y When Nuelin Retard (= Nuelin Sa)

was given with food was dramatic. Pedersen and Moeller-pPetersen

increased the tmax in 6 children froa 4.7 h on fasting to 21.3 n

after food and in 6 adults from 4.7 h to 15.3 h. Pedersen explained

the difference between the children and adult data by the fact

that the adults ate less than the children! This large prolongation

of tmax has not been reproduced by other workers. Indeed Sips

et al (1984) conducted a similar study on Nuelin Retard using a
standard breakfast of 2 slices of brown bread, 1 egg, 1 glass of
orange Jjuice and 1 glass of skimmed milk (17% protein, 17% fat,

58% carbohydrate) and found the tm“x was reduced when food was

a

co-administered with Nuelin Retard by a non-significant amount
in 10 adult asthmatic patients from 7.5 to 6.9 h. The findings
of Mitchell et al (1980) also differed from the Pedersen and Moeller-
Petersen (1982) work. Mitchell gave 21 children an undefined light
breakfast with Nuelin BSA. The tmax was 4 h after administration
in both single dose and steady state studies.

In those studies where food has not been given at the time,

the tma for Theo-Dur is reported to be between 3.6 - 7.5 h for
X

Nuelin SA (see table Q). These results agree with this experiment.

In other comparisons between Theo-Dur and Nuelin SA where food

has not been co-administered (Talseth et al 1981, Langaker et al

1981), the reported t for Theo-Dur has been 4.8 and 4.3 h, likewise
max

. ud
for Nuelin SA, 4.0 and 4.3 b respectively. In the present study

a value of 4.5 h was found.

) of
In the 1light of evidence from these studies the effect

heo-Dur and
food in normal dietary proportions on the release of I

. ounts
Nuelin SA must be in doubt. It is p0551b1e that when large an



P -

_ protein are
s affected enough
from a sustained release

formulation. With a normall/digtaﬁy”fintakég; the bréseht* study,

‘4i,§t al (1980),

:and Nuelin
SA.

The -evidence for a reduction in C  when
“max

ined release

products ~are  given with food is ‘even less. :Qﬁiy;?éééﬁéen, (1981)

”:éwh‘;a significant
hffqu.puBch”Of thesé
éég}éndVMOélieraPeﬁeﬁsen
?Olzin/?max in adults.

ined - release

theophyllines  are /taken:?f” ofPédéﬁ$ép (1982)

commented, the children ;én};thec adults.

Physiologically,  the

similar quantities of food du;t§?‘Could result

in ~alterations in gastric motilit ent to cause reductions

in the ¢ which qudéréemf,abbieNed in uphiidrehJ\ _ Children are
max o . . :

known to metabolise theophylline:;faSﬁgrf:fhén?Jadults (Kadlec et

al 1978) so greater’/f;ubtgggiégsrii ii;?:;;:
serum concentrations :fgp/;equglf;ddéééin
expected compared Wiﬁhgédﬁiééirf;i;

Another -factor tgzﬁé;fékeg .
when assessing the pﬂéf@éé
products: is: the vqlume of fiﬁl:

absorb water. Weilfﬁg’éﬁ\QQQKJQT Péag§s§p (198§)\haYé borh,

vié/affectéd(by the volume

shown. that  the abso?ptidn:0f~t

= i . of water  taken
of water taken with the e - :
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being a factor in gastric emb?Yiné)? ies éonducted

have taken the total yalter Contén@’of}fhé?fsb& W e Aot

The volume of water given to\swa” ‘k\hashbéén\stanéégdiséd'

but not the total fluid consumption.  Certainly o (1984)
showed that a dry meal prolénged. #ga;/ Wheh';é5m5§fgq with a wet
meal 1in 10 children, although 1in this egpériméﬁgjigﬁéﬁéizwere wide
inter-individual variations.- ‘Further éxpériMéﬂfaﬁibhfkéigfing the

water content of the food torthe/absprption;df?%heqpﬁjiiine would

be worthwhile.

This present study showed that there were no statistically

significant differenceé“bgtweem .ffrsA in“any pharm-

acokinetic parameters. meésgﬁﬁﬂ

__trough variations,
Nuelin SA than those

ate. langaker

that both of

reasonably consistent seru

12 hourly dosage when takeﬁ Wi
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TNTRODUCTION

Twzce da11y admlnlstratlon of sustalqedu peleaseﬂ theophylllne

preparations  has become an established, effective and convenient

means of controlling bronchodilation: over a 24 hour period in

patients with ailrway obstruction (ngnbépger and Hendeles 1979) .

Sustained release formulapions of theqphylline haye/ the potential

to  achieve uniform serum. concentratlons w1th longer d051ng intervals

than plain _ tablets (Dasta et al 1979 Fagerstrom et al 1981, Hendeles
and Weinberger 1978). Howevep, there are Significant differences
in the rate and extent of absorption among the avallable formulatlons,

(Weinberger et al 1981) and th

o

rate of absorptlon frequently
has not been slow enough to allow the promotion of longer dosing

intervals without excessive fluctuations in serum concentrations

(Hendeles ‘et al 1984) .

A sinple niéb in patient

compliance, control of iurnaifaSEhma:a,d éﬁfly‘morning breakthough.

1.

If formulations designed to be

gLven tw1ce dall/ were administered

once daily in the same daily dose, it would be expected that a
higher CmaX would result with an associated increase 1in adverse
effects; the peak to trough variation would be greater and, especially
in fast eliminators, periods of inadeguate serum concentrations
of theophylline might occur. If a formulation was designed with
a slow absorption rate, withrnormal dai;y d9$es gn/effective once

a day preparation would exist without having the problems associated

with -higher doses of the conventional twice daily formulations.

Thompson et al‘1982idem9hébﬁate: /glé dose of sustained

releaSe cheophylllne, Nuelln SA 2 ©f4mg glven rln a dosage of

o
i 12 mg Kg day taken at nlght (2100‘h) achleved a therapeutlc

: o -1
occupancy of 24 hours §93;5w1§p ﬁ%_;?eaﬁ/;?max‘ of 18.0 ug ml and
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, 0.7 B The
a mean Cmin of 9.1 pg ml

level obtained was 26.5 ué ‘im.lq ¥ s demonstrated the problems
associated. with bnéé daily administration compared Wi?h géﬁventiqnal
twice a day formulations. \

In mid 1982 Napp .Laboratéfies/ introdﬁced into the United
Kingdom.a sustained release fheophylline tablet, ﬁniphyllin, designed
to be taken once daily. The reéoﬁmeﬁded dosage regimen for patients

under 70 Kg is 600 mg daily after an initial week of 400 mg once

daily. If this product was to achieve its objective, it had to

have a longer tmax’ a minimum peak to trough variation and 24
hour therapeutic occupancy. In the first issue -of ‘manufacturer's

literature, a serum concentration time profile was displayed shbwing
P

24 hour therapeutic occupancy over 5.0 pg mk and a peak to trough

. 8 h after administration

o P =1 . 0
variation of 6.0 .pg ml.-. £t o was 6 .
S max & =

of a 600 mg dosethTﬁiézﬁ;éi°aia;ﬁbtJSQEmflongér*than many- other

sustained release * _the products’  were

givén with fdéd4 ({" {Mghy'iﬁétients would reguire
higher levels of theépﬂyILinéf‘ééfamx ébﬁcentrations than cited
in the manufacturer's literéture‘/to achieve adequate relief of
their symptoms. If the range of CmaX was large, toxic effects
might be seen in some patients. Also, many conventional preparations
already gave similar plasma concentrations when given twice daily
with half the daily dose on each occasion.

The object of this study was to investigate the pharmacokinetic

parameters of Uniphyllin . at theﬁlrecommended,idgsagé’ compared with

a - conventional twice déily‘ cegimen of co-Di it the Ssame daily

dosage. The peak to trough/ 1erapeutic occupancy and

the area under the serum concentration time gqrvé\\oVer’\Zé hours
would . be measured. Medication was to be co-administered with

food to reflect the normal clinical Situation in some patients
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that might be \causéd\gby \food’LWOUId' be/xadi

daily and twice daily preparations




METHODS

T’\we-‘lve" h\ea_l\\tk\iy,, \non—smo‘k'ing  volunteers (7 female,\ 5 male)

aged 19 - 34\\yeare\ (mean 25 2 years) all welghmg < 70 kg (_mean

61.6 kg, range 53 - 69 kg part1c1pated in the study Using a

randomised, open cross-over: study de51gn each volunteer received

either Uniphyllin AOO/ﬁg/aeJa 51ngle dally mornlng dose for 3 days,
followed by 600 mg /(1% tablets) as a single da;lyf ﬁornlng dose
for 4 .days,. or Theo—Duf: 200 mg twice daily f(mofeing and evening
12 h'iapart)  for 3 days. On the eighth. day, the day of sampling
when steady-state kinetics would ‘have been attained, a 600 mg dose
of Uniphyllin or the first 300 mg dose of TheofDur was administered
directly after a standard breakfast. ~The second dose of Theo-Dur
300 mg was given 12 h later direétly;after:a:standard evening: meal.

Since the Uniphyllin d051ng schedule doesinot State whether admini-

stration should be,iffv Unlphyllln was  taken -in

the morning to enable be adﬁiﬁistered with a standard

breakfast. (Nolte and ’Néwmén/ ;{Tgéé,ieﬁéve’ shown that there were
no ‘differences in absorption and:elimination kinetics between morning
and evening administration of Uniphyllin).

Blood samples were taken via an indwelling cannula immediately
pefore the morning dose and at 2 hourly intervals thereafter for
24 hours.

Plasma was assayed immediately for theophylline by - -enzyme

immunoassay (EMIT, - Syva, UK) . The between batch ,Qo—efficienL of

variation was 6.4%, and‘pbejlowefflimitjof}m,aeafe;e/’ was 1.0 pg ml 2

The pharmacokinetic pabameﬁl _peak to trough
differences~ over 20 h. & 5 c Qccupency and plasma
half-lives'were”measumé@;ﬂyThe area under theypiasma concentration

curve . (AUG, ) was calculated byi5ﬁhe~ trapezoidal rule. Area

under: the  curve, maximum and minimum theophylline levels and .peak
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A paired t-test wés\used

of any differences in therapeutic o

2 = - - i .

Since two cycles of~ Theo-Dur ,weréi:aVaélable, the nmnmeans ‘Qf

the two peaks,: two trnghs ~and  two peak ,tfqﬁéh°fdifferences in

serum theophylline /poncehtfations . analyses.
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RESULTS

Details of

the volunteers are tabulated in table\}Z
theophylline half llfe ranged between 3 6 and 11 a b (mean 8 2 ’
and the decay constants, betweer 0.062 and 0. 191 h.:—1
{(mean 0.096 5_W). The/:pharmaeoxlnetlegrperametefS, measured are
summarised in tables { and 11and fngPeS‘QKWBeﬁa 14, Tne mean AUCO 5l

was 211.3 (X 19.43

Theo-Dur and Uniphyllihxﬁeéﬁeetiéeiy;

differences were detected./

and 213.6

(t‘i3l277 SEM) u/g/,ml’1 n

No statistically significant

differences

There were highly signifieehtj (P <. 0.001) in
both peak and trough *heophylllne eeneentyatiom;ﬁﬁ»@eﬁthe drugs:.
Unlphyllln produced higher peaks, mean 13.9 (2 C.93) ngﬁl;1 with
a range of 9.7 to 20.0 ug ml—1 compared witﬁz10.7 (£70.93) first

peak and 10.7: (2 O.88)/pg;mlr seeene;peakF%eﬁngee—Dur with ranges
of 8.7 to 19.4 Mg;%/ - 179/Qg/m1_]‘first and - -second
peak respectively. fienéiﬁﬁiphyllin 600 mg once
daily had peak serpum cggee. ”%:iﬁr the upper part of the
therapeutic ‘range (15 - 20:pé ﬁl' ,~oﬁly one, volunteer 12, obtained

equally high levels on Theo-Dur 300 mg twice daily.

There was a highly significant difference (P < 0.001) in

, . o + . -
peak to trough variation of 10.3 (= 0.84 SEM) pg ml with a range

-1 ; : A

of .9 to 17.0 ug ml for Uniphyllin. Theo-Dur, in comparison,
, . C - + .- -
had mean peak to trough variations of 3.6 (- 0.33) and 3.8 (=.-0:28)
ue ml for - first .and second peaks with a range- 0224 to 6.0

, 1 /

and 2.5 o 5.7 pg mil .

The mean ¢t

was
nax
than “with Uniphyllin.
volunteers, later \ﬂTfoﬁef

two peaks for the Theo-Dur dataf7a

significance

(0.05 < P < 0.10).

lier with Theo-Dur

seven out of twelve

and the same in four, using a mean of
This difference failed to reach

There was no difference in t
max
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between the first and second ;olunteers had

exactly thesame ttﬂax for bQ}th pea-ksf(,, four had an increase

in the time to the second peak and tQ/o /had a reductlon in tiﬁax
for the second peak. The,meaninere~7,33~(t 0.38 SEM) and 7.58
(t 0.38 SEM) h for the first and second. peaks respectively.

By a paired t-fest, itihas féhnd that ﬁhe thgfapéﬁtic occupancy

(time in which theophylline concentrations ‘lie bétWeen 5.0 and

20 pg ml_T) was sigqif;cantly différent (P <0.05). Eight volunteers

achieved 24 hour therapeutic occupancy on Theo-Dur: twice daily

compared - to four on Uniphyllin once daily} The mean therapeutic
occupancy for Theo-Dur was 22,4 hours with a range of 13.7 to
o4 hours compared with a mean of 20.4 hours with a range of ©13.6

to 24 hours for Uniphyllin.
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DISCUSSION

This study has shown ‘tha Uniphyllin once

daily produced 51gn1f1cantly greater pea trough varlatlon \than’

twice dally admlnlstered Theo Dur at an equal da\__ d se.\ Th&s,

agrees with the later work of Nolte and Newmann (1982) who found

1 i
patients receiving a mean of 9 7 mg kg per' day of theophylllne

had a peak to- trough varlatlon of 11 3 g ml }: when glven once

daily Uniphyllin. In,cphtra$t/ the works by Lasseter and Shambler
(1984), Cohen (1982) énéj ngén (1984) have not demonstrated such
a marked peak to trough vériéfion. Lassetef and Shaﬁbler reporied
a. . mean peak to .trough varilation éf 8. 42 pg ml- - in’ 18 patlents
receiving 800 mg of Uniphyllin as a 31ngle dally dose. Cohen (1984)

obtained the same results in 12 patlents on an 800 mg 51ngle dally

dose, reporting a peak to trough VariaLianbf*8:34 pg ml 1. However,

Cohen (1982) found a peak to trou h varia Qn ,Of/’5.2 LE ml_1 in
patients with obstructiié

o

subjects receiving ,800;,mg/'e Dosing for

a drug like theophyllin;’ Wit ~énf’eliMiﬁationr hélf life of 3 to

10 hours means that there :15‘ uéually a greater fluctuation “with
once daily dosing * than conventional tWice daily dosage forms.
Because of limitations of. gastro - intestinal transit ‘tiﬁe,\’iﬁr ié
unlikely that the absorption rate can be altered sufficiently \to
counteract the unfavourable ratio of elimination half life to dosage

interval without greater peak to trough variation. It is interesting

to note the tmax in these conflicting studies:

Reference

Nolte and Newmann (1982)\/
Cohen (1982) ‘ '»

Lasseter and Shambiep,(xggggv'
Cohen (1984) -

This study

128



In neither the Nolte eben, studies

was the drug given with food. Cohen studies

and ‘this research medlcatlon was. ta‘ 1t would appear

from these reports that food may cause a delay in t o as postulated’;

by Leeds (1982) and others. Thls should help to mlnlmlse the peak

to trough variation. In the Lasseter and Cohen report this occurred

but it was not conflrmed in thlS study. Leeds (ﬁ982) showed that

300 mg Theo-Dur tablets taken 1mmed1ate1y after a standard breakfast
produced -peak -serum concentratlons/8 h after/admlnlstratlon Thls
data is simllar to this present reseeeeh Qhere £hé meen/peak concen-
trations were 7.58 and 7.33 h after the edﬁlnlstfetlon of 300 mg
of Theo—Dur immediately after a Stendard breakfast and - evening
meal respectively. In the Lasseter and Shambleﬁ (T984) reporﬁ,

2 tablets of Theo-Dur 200 mg gave a t éx; at 6.9 “hand the peak

a fluctuatlon that -has- not

to trough variation was 7 53 pg ml

been reported 1in any cher:,shudy’ th::TheorDun ‘glven twice daily

(Fox-et al 1984, Gonzalezf 83'amongst others) in patients

or volunteers. The dlfference*between thls/research/and a similar
study by lasseﬁer and Shambier’(1984) wasﬁehe selectlon of volunteers.

Lasseter and Shambler advertieed /iﬁfthe 7Miamlﬂ Herald Newspaper
and although selected to be healthy, I/doubt if volunteers selected
in this manner could be as reliable as student and NHS workers
who formed the volunteers in this research whose commitment to
accuracy and compliance would be greater. The mean weight was
greater, 73 kg, but to compensate the dose 800 mg was higher, other-
wise the methodology of both studies was identical buﬁ the results

are very dlfferent

The 31gn1flcant dlfference

lh5theﬁépeu occupancy demonstrates

the problem of once dally d031ng For all patients, any: of the
avallable: products 'w1ll \eroduce greater fluctuaiieﬁs:’ie\’pieema
concentration if given once daily then if the same produet\;s given
twice daily. Patients witﬁ rapid‘:eliminatien, such as smokers,
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‘

are likely to have a dec once daily

compared with twice daily dosing | Adnn spnet ey

of once daily theophylline will increase pility of bloodlevels

due to the larger dose given. In this study 'e:v"‘ng‘

to achieve 24 h therapeutic occupancy on either drug, (13.2 h on
Uniphyllin and 13.7 h on Theo-Dur) . :T/he':f’pe,a;kz';,cipng:}e;rg}:ratio.n obtained

for wolunteer 10 on Uniphyllin was 10.6-pg ml  compared with 6.5

pe ml"1 on Theo-Bur. If124;h‘therapeutiC°oscupanQy wé;ﬁ}é?be achieved
in. volunteer 10 and the dose “increased, fbigheﬁ{le{/efls possibly
close to the toxic level  would have  to [be;aﬁhievedagni Uniphyllin
rather than on Theo-Dur where: the dose 1is divided during the day.
Only- four wvolunteers achieved .24 hour occupancy on both drugs, all
had long decay half 1lives, volunteer 8, 9.4 h, volunteer 415094 hy
Tt ‘would -appear

volunteer 12, 10.3 h and volunteer :L{;' h.

from this study that to obtain
lifecof 9.4 h or pgre te

whereas volunteer 6 on Thec

with a half life of 4.2 E%liab;  grﬁg';éhd 192) .+ The same volunteer
(volunteer 6) on Uniphyllin had a ‘therapeutic occupancy of 18wh
with -a Cmax of 18.8 ug ml~1. Assuming « first order kinetics, to
achieve 24 h occupancy serum concentrations over: 20.0 ug ml—1 would
be obtained, and a dose increase of 200 mg would result in a concen-
tration of 25.0 pg ml—1. It is interesting to note ‘that: 3 out
ofs4 wwolunteers - who achieved 24 h Etherapeutic occupancy: on. -both
drugs-were females

Whether a single daily dose should be cred at night

or in the morning has been o > workers, Lesko

et ~al (1980) and MaclLeod et al found differences in
the:ypharmacokinetics @@,f\i:::; ,‘th‘?egp:h;yllinef du.r’inlg_ the day and night' time.
Lesko et:ral (1980): found significantly higher trough concentrations

of- theophylline in:theimorning:compared with:the evening. in- fourteen

volunteers ‘@ taking . twice -daily '@ sustained: release:. theophylline:
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lesko postulated that diupnaiveh aQsoma; oxidase

may alter the drug dlSpOSltlon‘ et al ,(1982)W measgregg
the rate of elimination between day tlme and nlght tlme
time elimination rate was 31gn1flcan/ly grea:er than the day time.

Up to 40% differences were Found by Macleod between night time

and day time serum concengfetigqg? The amount of Theo Dur absorbed
at night was measured ;9t;,86j8%f whereas /Qph?r;,w9?¥22§) Spangler
et als {1978), Weinberger et /almﬂ1978) apdrﬁagerettqn4et al (1981),
had ~all shown Theo-Dur to be 100%. bioavg;;aple. £ MacLeod stated
that the evening time concentration profile wee altered by decreased

absorption and increased clearance at night. MaeLeod(s s;udy wae

conducted using children with a mean ggeﬁog 9.3 years. It 1is known

that the metabolism of theophylline in ehildregw can. ‘be increased

compared with adults (Son

7 Jusko et al 1979) and
greater fluctuations. in serum concent 3’%{é :@9?e frequent
in children than adultszliéen- ¥ L%%KP :epzja}; (1980) used
adult volunteers wiﬁh an:age/féh%e;gf ?177 AOyeefoeﬁe hence the
variation in metabolism of tﬁeephyllinebetween adults and children
may explain the conflicting results between the studies.

Taylor et al (1983) found no difference in overall bioavailability
or rates of absorption and elimination between day and night
administration of intravenous amincphylline or oral liguid theophylline

given to eight healthy volunteers. Birkett et al (1982) similarly

found no difference between day or night time administration of

intravenous aminophylline, but found a si nificant 2.6 fold difference

in..the morning and evening~‘trougbojeohceht a ith a sustained

release formulation, Nuelin SA, trough concentration

being the }ewesp.,\wg}fkeptg;egggested that this difference . between

morning and evening- trough concentrations was due fto ‘a period in

the afternoon and evening of low absorption alternating with periods

of rapid dissolution and absorption in the early morning related
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to gastric motility. In a later al (1984) examined

three sdétaiﬁeaxwﬁeleése\ formulations for dlfferences in peak to

trough varlatlon durlng the day and night. ‘ The \mean fluctuatlon ,

over the dosage interval was 7.5 ug/mlijffoﬁéallethree formulations,

the fluctuation being the greatest for Theo Dur,

SA and non-existent for Sbmeﬁh§iiin./
In the present studyxthe:meéﬁyﬁdrﬁihg and evening trough concen-

+

trations -~ of ‘theophylline for Theo-Dur were 7.1 (= 0.92) and 6.9

(T 0.04) us ml~ | respectively, a difference of only 0.2 pg ml
The range of differences between volunteers in. ‘the ‘present

study was small, the highest difference being 2.3 ug ml_1 for

volunteer 5. Only 3 out of 12 volunteers had‘a difference between

morning and evening troughs concentbafioﬁsxgreater than 1.0 pglﬂl_

No difference at all was found between peak concentratlons of Theo-Dur.

The -mean peak concentrati@n/zwasegz;‘ ;pg ml - for both first and

second peaks. Similarlyi w1fh Un1ph§111n ‘the morning and evening
mean trough concentrations were 4 69 and 4,08 pg ml -1 respectively,
a difference of only 0.61 ug ml_1 and again the range between
volunteers was small, 3.9 to 0.5 ug ml” " (tables 10 and 11).

This study concurs with Nolte and Newmann (1982) who found
identical serum concentration profiles when Uniphyllin was given
at 0800 h and 1800 h as a single daily dose. No difference 1n
morning or evening trough levels were found for either Theo-Dur
twice--daily -or Uniphyllin once. daily. From this estudy it would ’v
appear that sustained releaeeftheophylline//fbpmgiaéions are not

affected by diurnal variation.

It appears that not until the»fépe: fheﬁabolism of theophylline

is high does any possible~diurnal influence occur. Likewise, unless
there are going to be ‘changes in gastric motility, very 1little

effect is going to be seen upon the release of theophylline from
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its formulation at differehx ‘ e - conflict of

réports on diurnal variation highlig again, . bbe”,ppgbLQmaww_

of investigatinga:drug which has such variablé\ki f@UQiasg

Wwith such small numbers. To.obtainea/vaii;/@ppu;ation for experimént~~

ation either the criteria for selection have;td}bffégtnemely exacting

or the number ‘of volunteers has: to be much larger, if reasonable

conclusions that are absolutely uneguivocal are to be made.
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CQNCLUS1ON

Theo-Dur 300 mg twice daily obt

greater 24 h therapeutic occupancy fthar) /Uniphy‘\l\:\l mg once daily.

Uniphyllin once daily had a highly ‘Sigh’ifig’:ﬁnp (R < 0.001) greater
peak to trough variation than Theo-Dur twice dally No significant

difference was found in tmax between the two f‘ormulétj_rc‘mé;
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INTRODUCTION

Food 1nfluences the bloavallablllty of a 1arge numbep @ ”drugs

It mterferes w1th tablet dlsmtegr‘atlon, drug dlSpOSlthI’l and drug

transit through the gastro 1ntest1na1 aét;,(Melander 1978). The

effects of food can be due to 1ts comp031tlon eg, hlgh’fat the physical

presence of the food in the stomach delaylng gasbric emptying or
the induction of dlgestlvé énz&mes and blle productlon - The absorption
of theophylline from Tedral /pléln uncoated tablets ‘was investigated
by Welling et al (1975). Absorption was; féséer when: the ~drug was
taken with a high protein meal compared w1th a hlgh fat meal. The
fatty meal was thought to decrease gastrlc emptylng and 1n§reasé

the residence time of the tablet 1n the stomach The efifect of food

composition on gastric emptylng 1sf;fatf;> proteln > carbohydrate.

A- number - of workers ‘_”; , gated the effects of _  food

products (Kappas'ét aly : J980aand %ﬁo%pség4et al 1983).
Thompson confirmed Welllng é:results: that a hlgh pFOLeln diet resulted
in lower peak serum concentratlonsr thanr a high carbohydrate diet.

Thompson thought the reason for this effect was multlfgcuorlal wheré
dietary components could affect the absorption of theophylliné.
He cited Gillespie et al (1973) as evidence that proteins and amino
acids can block the mucosal absorption of Levodopa and could have
a similar action with other dr@gs including éhéopﬁylline. "Kapas

et al (1976) postulated a. metabolic effect,/a high proteln diet hav1ng

a' similar effect in manié$:in ;§£ :i ff; chreme P450 and P44S

are 1induced when fed on \a7‘cant1n Oﬁs ppoteln, diet. In rats,

protein has been shown to increase the«rate of metabolism of pheno—

barbitone, strychnlne and amlnopyrlne. Feldman et al (1980) ‘showed
the same effect of a high proteln dlet in children as in adults.

Feldman offered no explanation/ for the dietary effects of food on
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theophylline but cited Kappas's | ossible explanation.

Pedersen (1981) . leeds et al (1982) and others ,‘ih.'avq. ;\a;\yl,'l. shown

that co—administratioﬁ of food with some sustained release \t.bejlc;;p’j‘hy‘lli\rie

C . The only exception to
mex .

products increases t . and reduces

this has been recent work “biﬂ’Héﬁdeigsf;éfﬂ 985) who found "dose

dumping" with a multipefiéf/ %orBG1é£i6ﬁ,/Vxxc”% ,legn taken with
a large breakfast in four out of éiéﬁfi"VblﬁﬁEée?gﬁ?7/Hendeles put

forward the explanation that alkaline salts or pancreatic enzymes

or both, secreted followingqaE méal,:iﬁéréi g%fééfihé the ~coating on
the multipellet allowing the releaée of ﬁhééﬁﬁylline to -be more rapid
than intended. In this study an abnormally 1arge' meal coﬁSiséiﬁg
of 50% carbohydrate containing 900 Kcal was used.

Theophylline is formulated in two main’éuStained release forms,

matrix and multipellet. The,mulﬁipeliéﬁiis‘éaid’to have an-advantzage

that it is ot affected by co-administration with food, the pellets

being small enough to,paég’ihféuéhiéﬁégé§léric sphincter when closed,
4s in ‘the presence of food, andibéﬁaVé similarly to a sustained release
liquid preparation (Bachgard and Nielsen, 1978) .

In the UK the Wellcome Foundation marketed "Provent", a multipellet
formulation, claiming that it was not affected by food. The purpose
of this study was, therefore,

1) to ascertain whether gastric emptying alone is a component in
the delayed absorption of theophylline separate f;om the presence
of food and,

2) to observe whether the absorption rof'zgfl:ﬁif’peilet formulation

"Provent!" is affected‘byifood;f 7
Nimmo et al (1973) used a tQChnlqgggg,«éitering gastric emptying
by employing metoclopramide 10 mg intravenousiy to 1increase gastric

emptying time and propantheline 30 mg intravenously to delay gastric

emptying time and demonstrated that the absorption of paracetamol
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was dependent on the speed of gas

f oral metoclopramide

Stevens (1982) investigated the ¢

on the release of Theo-DuP .OOng sustalned releasewtable\

ately, he failed to take 1into account that oral metocloparamlde has

a large inter-individual varlatlon 1n bloavallabllity (Bateman 1983)

and to achieve maximum gastrlc Pmptylng metoclopramlde has to have

food present in .the stomach (personal communlcatlon Wellcome Foundation

1983) .

This experiment was deéignediib ih;éétiéééé?gﬁé effééﬁs of altering
gastric motility on the absorptiéﬁ o%;'t65556§iiiné over a 12 hour
dosage intervai, from a multipellet slowi release product, Provent.

Theo-Dur was used as a comparator product.
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METHODS

h f@enﬁ;ngeaiehywHeeﬁ;eﬁexing male (115 and female (,‘ v lunteers,
aged 18 - 40 years, weighing 55 to 65 kg (female) and 65 to 75 kg (male)
were randomised into two groups of 10. Therefwas no difference between
groups 1n age, weight or sex dlstrlbetlon. / Oee group took Provent
600 mg as a single morning doee,/wlfh 50 ml of water on each of four
treatment days, the other/ group took Theo Dur 600 mg in -an: alike
manner. In. addition, the Provent group attended a flfth study day

when 150 mg of liquid theophylllne was admlnlstered. The same treatment

was administered to all volunteers on each study day:.

Treatment Groups

STUDY 1 2 5
DAY
GROUP  Fasting Food ?EEJF6561éﬁé;7’f‘ ~_Fasting and 150 mg ~of
A and and Metoclopramlde Propantheline oral Liguid
’ Provent Provent  and Provent © and Provent Theophylline
8 volunteers
only
GROUP Fasting Food Food and Fasting and No Treatment
B and and Metoclopramide Propantheline
Theo-Dur  Theo-Dur and Theo-Dur and Theo-Dur

A11 volunteers fasted overnight before each study day, abstaining..
from - .caffeine containing beverages. On study days 2 and 3 the food

eaten prior to administration of the theopﬁyiiihej was a standard

breakfast of cornflakes, 32 /ﬁintffefﬁfﬁil‘ :,2 _pieces of toast, a pat

of butter-and a marmalade portionﬁih’ittgla//bfainimg 63% carbohydrate,
14% protein and 23%\fét;fvon~the fasting study days 1, 4 and 5, no
food was taken until six hours after the administration of the

theophylline. This consisted of a light salad.
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_ The slow-release theophyl‘ s administered 30

minutes ~after intravenous _metoclopramide

30 mg on study days 3 andwﬁlirAt least 7 days washout occurred between
treatments. /

3 to 5 ml of blood wéé Sampiea at 0, 1,,2;{33/4, 5. 6, T, 85
9, 10, 17 and 12 hours/ éfter :tﬁeophylline adminﬁééééﬁion by an
indwelling catheter. on tﬁe/fifth;study day no 9 or 11 hour samples
were taken. The plasma brodeeed”was assayed immediately for thecophylline
by enzyme immunoassay, the 1lower iihif 'ef 'éééay Being 1.0 u8 ml
and in this experiment the co—efficiént"jef variation between kit
batches was 5.2%.

The absorption rate constant was determined for 8 out of 10

volunteers taking Provent by /compéfisbh;f@iﬁhp?TSO‘ mg of oral liquid

theophylline. The t__ C&éx e subjected to an analysis

of . variance. using the»SPSS;X~pTQgramme} n:tﬁé‘UﬁiVeféiﬁy of Sheffield

Prime Computer.

The absorption rate constant  was obtained using the Wagner-

Nelson method (Wagner and Nelsdh; 1964) .

141



RESULTS

Five comparisons can be considered for each drug {j.nﬁ\{t\\\\\'\\\s\.e,x\p.,er’lmen,t .

1) Fasting vs food

2) Fasting vs metoclopramide with food

3) Food vs metoclopramide wiph fogd‘i/

4) Fasting vs propantheline €§§t;ngr
5) Food vs propantheline‘fasgiggrr
No statistically signifigant/differences were seen in the Provent
or Theo-Dur fasting versus food groups/betweeg_any of the  parameters
measured. There was a non-significant trend towafds a j}ongerrdgmax

in the Provent group - eight ocut of ten volunteers 'had an -increase

in t when Provent was taken with food compared with the fasting
max el & & =

- a non-significant

state. The reverse was seen in fthe The

prolonged Loy whenkthe‘drug,ﬁ@s/takégﬂwighVfQod.

When volunteers who had taken the drug with no food were .compared
with metoclopramide, again no statistically significant differences
were seen in any of the parameters measured. Seven out of ten volunteers

in the Provent group had a reduced Cm one showed no difference

ax’
and two had a slight increase when given metoclopramide and food
compared with fasting but failed to reach significance.
There was a significant difference, (F = 0.060), in ¢t when
: - e ER : s any _ max

the.  food versus. metoclopramide -groups were

Eight out of ten volunteers had a rgduﬁ dt g

~compared

with Provent.

iven metoclopramide.

This effect failed to reach siéniﬁi he Theo-Dur group; with
seven out of ten having an increaséd‘tmax when given metoclopramide

compared with food alone: Cmax between the two groups showed no
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Statistical difference, althoug ’taking Theo-Dur

with ;ﬁétocloprémide\mhad'“g.»reduction“in e . COmpared,’w;th%\ﬁaking
it with food.

In the fourth comparison, fasting fvst,pnqpantheliney there was

a significant difference in the t (F = 0.000), and the rate of

ax

absorption (P < 0.01) 1in thé Préﬁent group. Aiif,;en volunteers
had an. increase-in tmax’ as meaéuredzby the maximgm seégmféoncentration
recorded in <the 12 ‘hours intervaia Six- out - of ;éight volunteers
had a reduced rate of absorption, (table 14). These results were

again not mirrored 1in the Theo-Dur group where six -out of ten
volunteers had an increased tmax’ in four ‘of these the ~“increase
was marginal and hence failed to reach significance.

No significant -differences wéfg fbuhé?ini@he £ifth comparison,

food versus propantheline, in anyré;’ﬁhé,pafémétérs/méasured, although

bl = 20010) vas C;QSe*fﬁbl;?éaébing{~$ighificance. This  is
reflected when nine out‘Qf/tédfinfphe*Theo-Dur group and seven out

of ten in the Provent group‘hadfah iﬁcreased;tm .

ax.
An analysis of “variance showéd that in t , C and AUC
max max 0=12
a significant difference, F = 0.000 occurred _between Theo-Dur and
Provent. The AUC was higher for Theo-Dur than for Provent,

0-12
the mean of all four study days being 99.36 pg ml‘1 h  compared
) -1 -
with 73.72 pg ml 1N for the Provent group. In all study groups
the Cmax for Theo-Dur was higher than for Provent, 12.9 pg ml_1

compared ~with -an. average of 8.65 ug ml—1 respectivély; Similarly,

_for the Theo-Dur

on three out of four study days, the t s
groups (table 13).

The mean data is displayed:inffig..;
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DICUSSION

As in the experinentn(oba tet»7)'study1ng tne effects of smoklng
and food on sustained release theophylllne, thlS experlment was

the absorption of

statistically unable to snow that food delay .

/tainly, trends

theophylline from slow re}ease formulatlons.z ;59

towards a longer tmax were seen 1n the Provent group but; “like
[ips et al (1984), Theo -Dur was shown to be unaffected by food;

indeed, the tmaX in  seven yolunteene/ wasx/neddoedii/ In the study
by Sips et al the meal taken with the/drdg%yas;larger than in ‘this

experiment. His diet contained 17 g pnotein, 17 g fat andy58”g

carbohydrate. Out of 10 volunteers, 5 had an increased bmax’ 2

showed no difference and 3 had a §norte§/tm . Inall the experiments

theophyl

conducted on sustained release e experiments with

and without food,. the. - yolnnteers has ~been
small; i Feldman et al er - (1981), 10, Leeds et

al (1982), 6, Thompson et;ai‘*'"' ), 8, Pedersen (1984), 10, Birkett

et al (1984), 10 and Sips et‘aiw(19gﬁj,jiq.

In these studies the  numbers of ‘subjects are too small- to
rive reliable statistical analysis as to the effect of food,
especially when the large number of different formulations and
individual ‘variation of pharmacokinetics 1s taken into account.
This study has shown, once again, that this effect is at best erratic.
Pedersen (1981) did not apply any statisticalrana}ysis to _his first

report ~on the possible effect of food ) on ) austained release

theophylline formulations;¥ The: Leeds 7(1982) étddyftonly showed
a difference in the f%agtionjaoeon‘%i f ,4 1 to 4 hours
for the 100 mg formulation but;notﬁth
the only signif;cant Ldiffefenoe seen at a singie\ hour interval

was that at the 4 hour point.
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Thompson et al (1983) ¢ s paired Griest

using a diet of 68% carbohydrate, 15k [ nd (7% fat compared

with fasting and found a ‘signi_ficant diszer‘enc_fe\,, at 3, 4 a@\\d’
8 hours after administration. but notafter 0.5, 2, 6, 12 or 24
hours. The literature 1indicates :th,atr,fpgd;mgyj pe implicated ‘in
delaying theophylline absorption frgry::,/,is:ugitg’ine{d%,r;el/gag/e formulations

put it does not .  prove it. . The results -of my o,yg;p;a/@x;ggr-iments and

those of others already cited have been unable. fo prove ,:.convinc,ingly

any. statistically valid effegt{. The o:fr/ac,ti{gp «ap:s,@rbed per hour
would = be the  ideal measurement for . proving. this but the design
of the experiment. must concentrate on blood sampling. over the. first
few hours when the effect is going to be the greatest. Sampling

hours,. then .at. 30 minutes

at every 15 minutes over the first t

urate data. To..obtain

There were several de51gnfau1t31n this study. . After four

study: days .1s was diffic,u"lt to persuade volunteers to. return . some
time later to take .oral. liquid theophylline. Only. .8 .out of. the
10 in the Provent group were willing to do this and one in. the
Theo-Dur group. The dose of oral liquid theophylline given was
too small. Caution trying to avoid toxic levels was uppermost,
but at the cost of low levels of theophylline measured, Higher
plasma concentrations would have been obtained. 1f a 300 mg‘dose

of  oral diquid ‘had been used and more accurafte elimination rate

constants could have been «calcgia’;;ed

Volunteer 1 exhibited marked in theophylline

Close  examination of the data pertaining to volunteer .1 indicates

that the half life associated with the terminal phase of the.plasma
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concentration time profile
in the literature whereas that \aés.bél-a: h the initial phase
is. The data associ\a.tedwwith the terminal Phaseappearstobe
an artefact or assay error .du€ to th,e/,:;c}an.c‘;e{/ntrat_ion of theo_.p_.hyi.lime,
measured being close: to the ,limitg;;of:;theﬁiaSQQyz instrument. In
this volunteer— the: data on--the terminal rpha§e;éWé§g~disregarded.

Stevens et al (1982) found  no- significant difﬁééences in the
pharmacokinetics of Theo-Dur 300 mg tablets when -the drug was given
with—oral metoclopramide 10 mg ~after overnight - fasting. However,
as described-above, «there 1s a large ~individual variation of bio-
availability in metoclopramide-and the presence of food is necessary
for optimal activity. Gl

In this experiment, s when meLOQlQpram;gegg;th food was compared

with = those.. volunteers faspipg¢’¥ > dg,,differences were

seen. ~ o In the Provent group iOfiél?{,a;d;fa;;,%rédgced ¢, but
in both the Provent and?,:i‘fﬁ/e:fj:’TI-fhé:cif—;Dur’/‘*g:f‘:oUps the t_ . was altered
at  random. The absopptiohgiratéﬂagenstantsf;wefe increased .in “enly
4 out of the 8 volunteers measured din . theProvent groups. The
mean values were 'slightly ~higher -for the absorption:irate in ‘the
fasting volunteers. If the concept —of+ food: delaying absorption
is correct, then the fact that no significant differences .were
seen between the metoclopramide with food and fasting groups was
negated by metoclopramide, but as this delay by food -was wunable
to be demonstrated  in- this .experiment, no -such deduction can be

made.

When <food is :ompared,iwith,3mQ§Qcioppé food, 8 iout

of ~10:-in- the Provent group and 6 n the Theo-Dur group
had ~a .decreased tmaiwbut\this and other pharmacokinetic parameters

failed to reach .statistical significance. Certainly, ‘the addition

of metoclopramide to either of the formulations, whether fasting or
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non-fasting, failed to have any _the abserption

of tneophylline.  Metoclopramide has been hown to have an effect

on paracetamol absorption when given intravenouslyﬁahﬁfﬁ\;Féﬁ&éline
absorption when given orally, (Nimmo et al 1973). Using Pivampiéillih
(Gothi et al 1972) and alcohol  (Finch eta11974 and Kreel et al
1972) metoclopramide has been _shown to héﬁe?‘é{%gféétér' effect on
gastric emptying when thefgaStriézemptyingftimeifétébﬁé prolonged,
2577t '{s in women. In this study, no sék*dfffeﬁencé£ﬁas seen in
the response to metoclopramide amongst the volunteers.

As ‘the rate of absorption of theophylline from sustained release
formulations is  governed primarily by the release and absorption
from the formulation in the duodenum, it would not be unreasonable
to expect very ‘little effect *bétWeéﬁ?‘thé?ﬁfaSting and * the meto-

clopramide with food groups,fééan' ?ifpﬁidh‘was established

with  food alone, likewisé}?/ itﬁiimetOélopramide and
food aloene.

There was an alteration in this absorption on the study days
when propantheline was administered with sustained  release theo-
phylline. When fasting was compared with propantheline fasting
groups a significant difference was seen in tmax and rate of
absorption in the Provent volunteers but not in the Theo-dur ‘taking
volunteers. Unfortunately, it was not possible to measure the
Theo-Dur group due to the inability to persuade volunteers to return
after the propantheline study day. It could be that the rate-

determining step when Provent is in thé“stoﬁéé@f1wﬁaféfthe motility

is reduced by propanthelinéﬂé"ié/ the rel a;r the multipellets

from—the .gelatine capsule whiéh/éhéi .umteb'et al (1982)

demonstrated - that the emptyingf‘of multipellets from a ‘gelatine

capsule was dependent upon the pyloric contractions of the stomach.
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