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Inhalation rate of sodium cromoglycate determines
plasma pharmacokinetics and protection against
AMP-induced bronchoconstriction in asthma
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Inhaiation rate of sodium cromoglycale determines plasma pharmacokinetics
and prolection against AMP-induced bronchoconstriction in asthma. R. Richards,
S.F. Simpson, A.G. Renwick, S.T. Holgate.

ABSTRACT: We have investigated whether the inspiratory fMlow at which
sodium cromoglycate (SCG} is inhaled influences the efficacy of SCG. Seven
atoplc asthmatlc subjects (age 2512 yrs) inhaled dry powder SCG from
a Spinhaler on separate occasluns at three Mow rates, maximum (V‘),
100 Fmin* (Vz), and 50 fmin? (Val, or placebo, according to a double-
hlind structured study. Thirty minules after administration a hronchial
provocation test was performed with adenosine 5'-monophosphate (AMP).
Blood ssmples for measurement of plasma SCG concentration were taken
and the area under the plasma concentration-time curve (AUC) calculated
for each flow rate. Both insplratory flow rate and AUC correlated
significantly with the degree of protection afforded against AMP-induced
bronchoconstriction (r=0.73, p«<0.001; r=0.66, p<0.001). These findings
Indicate that the Mow rate used to inhale powdered SCG Is a major factor
In determining the protective efflcacy of this drug against bronchial chal-
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tenge and therefore has Imporiant clinical Implications.
Eur Respir J, 1988, 2, 895-90{,

Sodium cromoglycate (SCG) has found wide use in
the treatment of asthma, especially in children. Conven-
tionally the drug is 2dministered to the airways as a dry
powder dispersed into the inspirate using the Spinhaler
propeller device, the unit dose being 20 mg. SCG has
multiple pharmacological activities pertinent (o ils thera-
peutic effects in asthma which include inhibition of
mediator release from activated mast cells {1, 2] and
other mediator secreting cells [3, 4] and inhibition of
newral reflexes [5, 6]. These activities of SCG are re-
flected in its ability to attenvate bronchoconstriction
provoked by inhaled allergens [7, 8], sulphur dioxide [9],
adenosine [10], exercise and isocapnic hyperventilation
[11, 12].

Following inhalation, SCG is absorbed into the sys-
temic circulation almost entirely from sites of dcposition
within the lung, with <1% absorption from the buccal
mucosa and gastrointestinal tract [13-16]. When deliv-
ered to the airways as a dry powder, an aerosolized
solution, an aerosol [rom a pressurized metered-dose
inhaler, or when deposited directly into a second order
bronchus vig a bronchoscope, SCG exhibits absorption
rate-limited plasma pharmacokinetics [14-17]. Follow-
ing absorption, the drug is rapidly excreted unchanged in
the urine and bile in approximately equal proportions
(13].

In a recent study we have shown that the peak plasma
concentration and area under the plasina concentralion-
time curve (AUC) of inhaled dry powder SCG are

direcily influenced by the inspiratary flow rate used to
disperse the drug into the inspirate [15]. Thus the total
dose of the drug delivered to the airways and available
to produce a local pharmacological effect is proportional
io the inspiratory flow rate,

Since the introduction of SCG in the wreatment of
asthma in the late 1960’s there has been litile informa-
tion available concerning the relationship between the
dose administered, the amount of drug reaching the
airways, and its suhsequent protective effect Pater and
co-workers [18] have reported that increasing doses of
SCG administered by metercd-dose aerosol produce an
increase in protection against asthma provoked by exer-
cise and an increase in the total drug absorbed into the
circutation. In the present study we have extended this
observation by determining the effect of inspiratory flow
rate on the plasma pharmacokinetics of a single inhaled
dose of dry powder SCG in relation to ils ability to protect
the airways against bronchoconstriction provoked by
inhaled adenosine 5-moncphosphate (AMP). This
stimulus is believed to augment histamine release from
preactivated mast cells in asthmatic airways and conse-
quently is sensitive to inhibition by SCG and related
drugs [19, 20).

Methods

The study consisicd of four trcatment days each
separated by at least one week. All subjects gave their
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informed consent and the project was approved by
Southampion University and the Hospital’s Ethical
Commitice.

Scven mild atopic asthmatics aged 21-33 yrs (6M, 1F)
who were all non-smokers took part in the study (lable
1). Prior to the study (heir mean (3seM) {orced expiratory
volume in one second (FEV ) was 4.310.4 { and their
regular wreatment consisied of mhaled B,-adrenoceplor
agonisis suppicmented by inhaled corticosieroids in Lwo
subjects. All drugs were stopped 12 h before each study
day. At each visit, the bascline FEV, was measured on
three occasions 5 min aparl to ensure that this did not

Table 1. — Subject details

Subject Apge Treatment FEVY, PC,, Meth
y1s I mgml?

1 22 BA 4.2 1

2 23 BA 44 0.7
3 22 BA 43 0.3
4 32 BA 57 8

5 25 BA Ist 2.9 0.8
6 21 BA st 3 1.7
7 34 BA Ist 5.1 23

BA: beta agenist; Ist: inhaled steroids; FEV : forced expiralory
volume in one second; PC,, Methacholine

differ by more than 10% from original bascline values.
An indwelling tcflon cannula (Venflon® 18 gauge) was
inserted into an antecubital vein for blood sampling.
According to (he double-blind design each subject in-
haled cither lactosc placcho or 20 mg of pelletized SCG
from a Spinhaler (Intal Spincaps). Three differcnt inspi-
ratory flow rates were used by the subject sucking through
the Spinhalcr attached to an adjuswable iris resistor. The
three inspiralory flow ratcs used werc adjustcd o
achicve the maximum possible (V ), 100 Imint (V_},
and 50 [-min*! (V } with subjects i lnqplrmg from residual
volume (RV) to total lung capacity (TLC). The Spinhaler
was attached 1o a P.K. Morgan rolling seal spiromcler
interfaced 1o a microcomputer {Collingwood Instruments
Lad, Leicester, UK) 1o cnable direct measurement of the
inspiratory flow rate. On each occcasion the Spinhaler
was weighed before and after completion of the inhala-
ton,

Before and at regular intervals up to 4 h after inhala-
tion of SCG or placebo, 5 ml of biood was removed,
anticoagulated with heparin and centrifuged at 500 g for
10 otin at room temperature, The plasma was separated
and stored at -40°C until analysis. Plasma conccnurations
of SCG were mcasurcd by a double antibody radio-
immunoassay which had a limit of detection of 0.7
ng-mit and coellicients of variation for reference
spiked samples of 6% at 3 ngml' and 11% at 5§
ng-ml?! [15, 21].

Thirty minutes after cach inhalation of SCG or pla-
cebo a bronchial provocation test with AMP (Sigma,
Chemical Co. Lid, Dorset, England) was carried out. Alier
recording three measurements of baseline FEV |, subjects
inhaled normal saline followed by increasing doubling

concentrations of acrosolized AMP (0.195-800 mg-mi),
The acrosols were gencrated from an Inspiron Mini-Neb
nebulizer (Bard Intcrnational, Sunderland, UK) operated
at an air Mlow of 8 /min" and inhaled as five decp breaths
from functional residual capacity to TLC over 1 min,
Under these conditions the mass median particic
diameter was 4.2 microns and thc nebulizer output
0.9 ml-min*. One mcasurement of FEV, was made at 3
min and 4 min afler cach inhalation and the highcst value
recorded.

The concenlration ol AMP inhaled was increascd pro-
gressively until the FEV, had fallen by >20% of the
siarling posl-saline value. Plots of AMP concentrations,
{logarithmically transformed), againsl percentage fall in
FEV, from the post-saline value were constructed for
each subject following each of the four treatments. The
concentration of agonist producing a 20% fall in FEV,
(PC,,) was then derived by interpolation of the linear
poruon of lhe concentralion response curve.

Analysis of data

Bascline values of FEV , inspiratory flow raics and
amount of SCG lost from the capsule on the different
study days were compared by analysis of variance for
two variables.

After inhalation of SCG the time-course of plasma SCG
concentrations were analysed using a non-linear lcast
squares regression analysis (NON-LIN). The data were
fited to a one-compartment open model with [irst order
absorption kinciics [15]. From this programme we
derived the half-life for thc inital increase n plasma
SCG concentration (1), the terminal half-lifc (13) and the
area under the plasma concentration-time curve (AUC)
exwrapolated to infinity. The maximum plasma concen-
tration of SCG (C_ ) and the Lime taken to achieve this
{t_.)arc prescntc'ﬁ as the obscrved values.

Table 2. = The influence of inspiratory flow rate on the
plasma pharmacokinetics of sodium cromoglycate

v v, v,

Inspiratory 211187 10813* 59+3¢
flow rate tmin’!

- 3219+ 1543 943°
ng-mt?
AUC ngmin-mi' 33184925  17024378"  10731218°
LmeX min 3611t 27+10p 2344+
ty min 30413 44118 351200
ﬁ‘ min 92418 80411+ 901154

Yalues not sharing the same superscript (a, b, or ¢) were sig-
nificantly different from each other (p<0.05). The dala are
given as meantsgM. C @ maximum plasma concentration of
sodium cmmug]ycme AUC: area under piasme concenlration-
time curve; {_: tme w0 T t¥, th;: half-life of inilal in-
crease and maximum increase in p]a.srna sodium cromogly-
cale concentration, respectively.



898

R. RICHARDS ET AL.

Plesme time course of SCG following Inhalatlen Bl 3 Aow rates

ety
(=]
f

wr
-

-—h
T

bt
L
T

Plasme concentratlon SCGizm ng-ml

80 120
Time min

Fig. 1. — Plasma pharmacokinetic proﬁle of sodium cromoglycate inhaled as a dry powder at three inspirstory flow mates: A :51 maximum possible
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Fig. 2. — The effect of inhaled laciose pl&cebo {A) and sodivm cromoglycate at three inspiratory flow rates: { @ ): \'u’,. (m}: Vz, aXxV,on
bronchoconstricion provoked by increasing concentrations of inhaled adenosine 5'-monophosphate. The graphs represent the data oblained rom

each of the seven subjecis studied.
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Le taux d'inhalation du cromoglycate sodique dérermine sa
pharmacocinétique plasmatique el la protection corure la
bronchoconstriction induite par I'AMP dans !'asthme. R.
Richards, 5. Simpson, A. Renwick, 5. Holgate.

RESUME: Nous avons cherché A préciser si le débit auquel le
cromoglycate sodique est inhalé influence son efficacité, Sept
sujets atleints d'asthme aropique (ige 2542 ans) ont inhalé upe
poudre siche de cromolycate sodique au moyen d'un Spinhaler
4 différenes accasions, & wois débits différenis (débit maxi-
mum, V,; 100 tmin?, V_; et 50 fmin?, V,). Cette inhalation a
ét& alternée avec celle d 'un placebo dans un essai structuré en
double aveugle, Trente minutes aprds 1'administralion, un test
de provocation bronchique au mayen d’adénosine 5'-mono-
phosphate (AMP) 2 é1& conduit. Des échantillons pour la mesure
des concentrations plasmatiques de cromoglycate sodique ont
i€ prilevés, et la surface sous la courbe conceniration plasma-
lique-iemps a €1é calculée pour chaque débit, A la fois le debit
inspiratoire et 1a surface sous la courbe, éaient significative-
ment en corrélation avec le degré de protection h {*égard de la
bronchoconstriclion induite par i*AMP (r=0.73, p<0.001; r=0.56,
p<0.007}. Ces observations indiquent que te débit utilisé pour
inhaler le cromoglycate sodique en poudre est un facteur majeur
déterminant 1'efTicacit€ de cette drogue pour la protection contre
une provocation bronchique. I1 & donc d'importanies implica-
tions clinigues.
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