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Abstract----Crystals of cromoglycic acid were prepared by precipitation and recrystallization from 
water. Aerosols of dry CA particles in air were generated by nebulizing a dilute suspension of CA and 
drying. The aerodynamic properties of these particles were measured directly by cascade impaction 
which gave a mass median aerodynamic diameter MMAD=0.7 gm and geometric standard 
deviation ag = 1.9. The aerodynamic diameters were also calculated from the geometric dimensions 
obtained from electronmicrographs with, or without, the shadowing technique for determination of 
the thickness of the particles. Two methods derived for the aerodynamic behaviour of prolate 
spheroids and an empirical equation for elongated particles (Johnson, d. Aerosol Sci. 17, 426-430, 
1986; Johnson et al., J. Aerosol Sci. 18, 87-97, 1987) were employed. The calculated MMAD and ag 
assuming perpendicular orientation of the elongated particles with respect to the direction of motion 
were in reasonable agreement with the values obtained by cascade impaction. 

I N T R O D U C T I O N  

Disodium cromoglycate (DSCG, cromolyn sodium) has been a drug used successfully in 
the prophylaxis of asthma. DSCG is administered by inhalation usually in the form of a dry 
powder generated mechanically from capsules, or by evaporation of a propellant mixture. It 
is known that only a small fraction of the inhaled dose of DSCG reaches the small airways 
and alveoli (Moss et  al., 1971; Fuller and Collier, 1983). Indirect evidence suggests, however, 
that the deeper the deposition of DSCG occurs, the greater is its therapeutic effect (Godfrey 
et al., 1974; Curry et  al., 1975). Moreover, deposition in the mouth, or clearance into the 
gastro-intestinal tract of material deposited in upper airways, may lead in some patients to a 
feeling of unpleasant taste, and thus contribute to a reduction in compliance with the 
medication. DSCG has a high potential to undergo hygroscopic growth (Byron et  al., 1977; 
Smith et  al., 1980; Groom et  al., 1980; Groom and Gonda, 1980; Gonda et al., 1982), and it 
has been noted that this could be a reason why such a small fraction of DSCG reaches the 
deeper parts of the respiratory tract. Another contributory factor could be the polydisperse 
nature of powder inhalation aerosols including DSCG (Gonda, 1981a, b), or the formation 
of polydisperse aggregates after generation of aerosols from suspensions in propellants 
(Gonda, 1985; Gonda and Chan, 1985; Chan and Gonda, 1988). 

Cromoglycic acid (CA) has a relatively poor solubility in water compared with DSCG. In 
contact with neutral or alkaline aqueous environment, it will form the same therapeutic 
anion as that formed from DSCG in the airway fluids. However, the lower affinity of the acid 
form for water should reduce, or eliminate, the hygroscopic growth. We have suggested 
previously (Gonda and Khalik, 1985a; Chan and Gonda, 1989) that 'crystal engineering' of 
drugs for inhalation in the form of sparingly soluble elongated particles could improve the 
delivery of the agent to the desired sites of the respiratory tract: it is well known that the 
aerodynamic diameters of elongated objects (cylinders, needles, fibres etc.) are only weakly 
dependent on their length at axial ratios greater than about ten. Thus, long objects of 
varying lengths but with similar short axes will have a narrow range of aerodynamic 
diameters, as observed e.g. with an anti-cancer drug designed for direct administration into 
the respiratory tract (Gonda and Khalik, 1985a). If such particles penetrate to alveoli, their 
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chances of being exhaled again are reduced compared with compact particles with the same 
aerodynamic diameters because the former will deposit in alveoli by the mechanism of 
interception (Timbrell, 1965). For these reasons, we investigated methods to prepare a 
respirable dispersion of the sparingly soluble solid CA in the form of elongated particles 
(Chan and Gonda, to be published). 

MATERIALS AND METHODS 

All chemicals were of at least analytical grade, unless noted otherwise; double distilled 
water (ddw) was used throughout. 

Preparation of the CA crystals 

One hundred mg DSCG (Fisons plc, Pharmaceutical Division, Loughborough, 
Leicestershire, U.K.) was dissolved in 30 ml ddw. One ml concentrated hydrochloric acid 
(Univar, Ajax Chemicals, Auburn, NSW, Australia) was slowly added to the stirred solution 
to precipitate CA. The solid sediment was transferred into a centrifuge tube, washed with 
ddw and centrifuged for 5 min (Bench top model T22, Janetzki; Engelsdorf-Leipzig, East 
Germany). The supernatant was discarded and the washing and centrifugation were 
continued until the supernatant showed a pH "~ 5 with indicator paper (pH 1-14 indicator 
paper, Whatman-BDH, Poole, England). The precipitate was transferred to a beaker 
containing 150-200 ml ddw which was then heated on a hotplate magnetic stirrer (model 
35432, Cenco, Breda, The Netherlands). After dissolution, the crystallization was allowed to 
proceed overnight at room temperature. The CA particles were filtered (No. 1 grade filter 
paper, 2 cm, Whatman Ltd, Maidstone, Kent, England) and dried in a dessicator. Other 
methods of crystallization were tried but the solids were less ideal in terms of our goals, i.e. 
size, shape and chemical purity. With regard to the latter, the identity and purity of the CA 
from the procedure reported here was confirmed by melting point measurement, u.v., i.r. and 
~H NMR spectroscopy and X-ray powder diffraction. 

Dispersion of CA particles 

Cromoglycic acid aerosols were generated by putting 2 ml of suspension (0.05% w/v) of 
CA particles in ddw into a jet nebulizer (No. 40, De Vilbiss Company, Somerset, 
Pennsylvania, U.S.A.) operating at a flow rate of 8.5 dm 3 min- 1 of compressed air measured 
upstream with a flowmeter (tube B6, Platon, Basingstoke, Hants, U.K.) equipped with a 
needle valve. The vent on the nebulizer was closed. The aerosol was then connected to a 
horizontal tube containing three baffles (Fig. la); this tube bent downwards into a vertical 
drying chamber (Fig. lb) whose first section was heated by an electric tape (Isopad Ltd, 
Borehamwood, Herts, England). The voltage was adjusted to preheat the column to 140°C 
with stagnant air in the mid-section to maximize the rate of drying while avoiding 
decomposition of CA. The second section consisted of a tubular wire mesh surrounded by 
silicagel in a perspex cylinder. The exit of the drying chamber was connected to the top 
section of a cascade impactor (DCI6, Delron, Powell, Ohio, U.S.A.) which operates at 
12.5 dm 3 min- 1; in addition to the 8.5 dm 3 min- 1 of aerosol, 4 dm 3 min- 1 of air were 
introduced into the system at the top of the drying column. The drying efficiency of the 
column was tested using gelatine coated glass slides in the impactor: 5% w/v gelatin 
(Granulated Gelatin, Laboratory Chemicals, Government Stores Department, Australia) in 
ddw was spread on the slide and dried. Any undried droplets should leave a circular mark on 
the gelatin. Three aerosol runs of duration 1.5-5 min were carried out to confirm steady state 
conditions. 

Aerodynamic measurement 

The aerosol entered the impactor from the bottom orifice of the drying column (Fig. 1 b). 
The flow rate of 12.5 dm 3 min- 1 was achieved by attaching a vacuum pump (Speedivac, 
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Fig. 1. (a) Tube with baffles connecting the nebulizer to the drying column. (b) The drying column: 
A, nebulizer, B, tube with baffles (Fig. la); C, cascade impactor, D, heating tape; E, copper tube; F, 

upper end plate; G, wire mesh; H, silicagel; I, perspex tube; J, lower end plate. 

Edwards High Vacuum, Crawley, West Sussex, England) to the critical orifice of the 
impactor. Since a sensitive fluorimetric assay was employed in these experiments, special 
precautions had to be taken to avoid contamination, or spurious assay results. All impaction 
slides and glassware were treated with concentrated nitric acid and rinsed with ddw, then 
brushed with detergent and rinsed with water and then again five times with ddw. After this, 
beakers with slides in ddw were sonicated (Model 52, Bransonic Cleaning Equipment Co., 
CT, U.S.A.) for 20 min, rinsed with ddw and then sonicated again in phosphate buffer, 
pH = 6.5 (Diem and Lentner, 1970) for 20 min. Fluorimetric measurement of the used buffer 
was done to confirm there were no fluorescent residues. The glassware was then dried on 
lintguard wipers (Kimwipes, Kimberley-Clarke, Milsons Point, NSW, Australia). The 
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silicone fluid and cyclohexane used in these experiments gave no fluorescent signal under the 
experimental conditions described below. The 'absolute filters' (Type A-E glass, 76 ram, 
Gelman Sciences, Ann Arbor, Michigan, U.S.A.) used in the cascade impactor had to be 
washed with five volumes of 300 ml ddw until they gave negligible fluorescent signal. They 
were dried on the wipers before use. The glass slides on the six stages of the previously 
calibrated cascade impactor (Gonda et al., 1982) were freshly coated by placing 0.4 ml 
solution of 10% w/v silicone fluid (200 fluid/60,000 cs, Dow Corning, Blacktown, NSW, 
Australia) in cyclohexane (Univar, Ajax Chemicals, Auburn NSW, Australia) with a pipette 
(Pipetman P1000, Gilson Medical Electronics, Villiers-le-Bel, France) onto a pre-cleaned 
impaction slide and allowed to dry. 

The cromoglycate ion is fluorescent in aqueous solutions with pH > 2 (Moss et al., 1971). 
Quantitative determination of CA was done by measuring its fluorescence in the pH = 6.5 
phosphate buffer using a spectrofluorimeter (model MFP-44B, Perkin- Elmer, Norwalk, CT, 
U.S.A.). The optimum conditions were found to be: emission wavelength 480 nm, excitation 
wavelength 330 nm, emission slit 15 nm, excitation slit 5 nm, ratio 3 and signal gain approx. 
3. The calibration line was found using freshly prepared CA solutions, 0.2 3.5/~g ml- 1 in the 
phosphate buffer. 

Before the assay, the CA deposited in the impactor had to be extracted by a method 
similar to those previously described for other substances (Hering et al., 1979; Gonda and 
Khalik, 1985a). Briefly, the slides with the deposits were sonicated for 20 min with 5 ml 
cyclohexane, then 5 ml of the phosphate buffer was added and the sonication continued for 
another 20 min. The extracts were centrifuged for 5 min at top speed in the bench centrifuge, 
and the buffer layer was analysed as described above. The filters were sonicated for 20 min in 
15 ml of the phosphate buffer and the liquid withdrawn through a filter (0.22 #m, Millipore, 
Millex Corp., Bedford, MA, U.S.A.) before analysis. The recovery of CA from the slides by 
the above procedure was checked by spiking the coated slides with 2 and 50 #g CA using 
0.2ml 10 ~gml- 1 aqueous solution and 250 ~gml- 1 suspension of CA in 0.1 M hydro- 
chloric acid, respectively. Likewise, the Gelman filters were spiked with three accurate 
concentrations in the range 5-50 #g CA. Each concentration was done in triplicate and 
blank controls were also done in triplicate. A further validation of the assay procedure was 
carried out by generating in triplicate aerosols from pure ddw, otherwise subjecting them to 
the same conditions as the CA aerosols. Inversion of the impactor data was done by the 
indirect least mean square fitting method (Huang et al., 1970; Raabe, 1978; Gonda et al., 
1982). 

Particle sizin9 usin9 scannin9 electron microscopy (SEM ) 

Because the majority of the CA particles had breadth 0.2-0.5 pm, optical microscopy 
could not be employed. It was found that the CA particles were invisible under SEM when 
collected on impactor slides coated with silicone fluid, and therefore the procedures used 
previously (Gonda and Khalik, 1985a) for comparison between impaction and geometric 
estimates of aerodynamic diameters could not be followed. To solve these problems, the 
method of collection on Nuclepore filters of Beckett (1973) and A ltree-Williams and Preston 
(1985) was adopted: all the particles during the generation of aerosol for 3 rain as described 
above were collected on a polycarbonate filter (0.2 #m pore size, 62 mm diameter cut from 
8 x 10 in sheet, Nuclepore Corporation, Pleasanton, CA, U.S.A.). This filter was placed on 
the last (filter) stage of the cascade impactor and was preceded with the first stage without 
any collection surface under the jet. After collection, a section was cut from the Nuclepore 
filter with a razor blade and further divided into two transverse parts. These were mounted 
on SEM sample stubs using a double-sided sticky tape, then coated with platinum under 
vacuum and treated with silver dag to facilitate electrical contact between the stub and the 
specimen. The samples were studied under an SEM instrument (JEM35C, Jeol Ltd, Tokyo, 
Japan) using a voltage 10-25 kV and both secondary and back scattered electron detectors; 
the latter is particularly useful for low contrast materials such as our particles of CA. 
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Polystyrene latex spheres (0.48/~m diameter, Dow Chemical Company, Midland, Michigan, 
U.S.A.) were used as the internal size calibration standard. 

Initial examination of the electronmicrographs showed that there were very clearly two 
classes of particles in the samples: small, almost symmetric looking particles with axial ratios 
not more than about 2.5, and distinct elongated particles with much higher axial ratios. Size 
characteristics were subsequently analysed for the elongated particles separately as well as 
for all the particles together. 

Random sampling on the filter was done as follows: the area of the segment was divided 
into approximately equal sized 100,000 quasi-rectangular fields of view (f.v.) as shown in 
Fig. 2 and numbered sequentially. A total of 100 fields was selected for examination using the 
first 100 numbers from a table of random numbers (Abramowitz and Stegun, 1970). The 
above division of the segment was based on a magnification of 3000 x.  Subsequent 
experiments showed that a magnification of 7800 x was required, and therefore only an 
appropriate fraction of the area of each f.v. (top left quadrant) was examined; this procedure 
does not affect the random nature of the sampling. Photographs of the SEM images were 
placed under a video camera which was a part of a computer-assisted image analysis system 
(Image Plus, Dapple Systems, Sunnyvale, CA, U.S.A.) equipped with a video mixer to assure 
high fidelity in the editing of the binary image by superimposing the original image over the 
digitized one. In order to estimate the thickness of the particles, the particles on the filter 
were shadowed with a thin coat of platinum (2.5 nm) at an angle 20-30 °. The particle 
thickness (T) was found by measuring the length of the shadows of the particles cast onto the 
filter. The exact angle of shadowing was obtained using latex spheres (0.234/~m, Dow 
Chemical Company, Midland, Michigan, U.S.A.) as calibration standards. The shadowing 
revealed that some of the fibres were slightly tilting up at an angle with the filters. For 
reliable thickness measurement, only those fibres lying flat with their long axis normal to the 
shadowing direction were chosen. Thickness measurements were carried out by the 
shadowing technique on 28 fibres and 27 compact particles in 50 and 6 f.v., respectively. The 
thickness results were expressed as a function of other particle characteristics in the form of a 
multiple regression equation (see Results and Discussion). 

The primary parameters calculated by the image analysis system were (Dapple Systems, 
1986): length (L)--the length of the longest Feret's diameter; breadth (B)--the shortest of the 
same Feret's diameters; the projected area (A)--the area of the closed image of a particle. 
The average breadth (MB)  was also calculated from the projected area and length for 
individual particles, particularly in order to avoid an underestimate of this dimension in 
elongated particles: 

M B  = A / L .  (1) 

- -  
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Fig. 2. Diagram illustrating the systematic division of a filter segment into fields of view of equal 
area. 
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The axial ratio fl was calculated as 

fl = L / M B  = L2/A.  (2) 

Particle volume V was estimated from the projected area and thickness: 

V = A x T. (3) 

Preliminary results indicated that the size distributions conformed better to logarithmic, 
rather than normal, probabil ity distribution functions, characterized by geometric means Xg 
and geometric standard deviations ag. The estimates of these values were obtained from the 
number distributions of the size parameters in question. In order to reduce bias due to edge 
effects, the particles crossing beyond the boundary of the top left quadrant of a f.v. were 
counted only if they crossed the left or the upper boundary lines. The following criteria were 
used to estimate that a sufficient number of particles was measured in order to achieve a 
predetermined level of precision [roughly the same as that achievable in a cascade impactor 
(Gonda et al., 1982)]: 

X ( n 2 ) - - X ( n l )  
- < E,  (4 )  

X(n l )  

where X is the mean quantity measured for n 1, or nl +A = n 2 particles and E is the 
predetermined precision. Since it is known that the aerodynamic properties of elongated 
particles depend more on their breadth than on their length (Fuchs, 1964), E was set to 5 and 
10% for the geometric mean breadth and length, respectively. Further, it was required that 
the relative error.in the geometric standard deviations of the average breadth, length and 
axial ratio should be less than 5%. 

Theoretical estimation of the aerodynamic size distribution of the samples based on the 
measured geometric dimensions was carried out by three different methods. Analysis of the 
data indicated that these calculations yielded values somewhat higher than the cascade 
impaction method. Therefore, only those equations were used which assume that the objects 
are positioned to give the maximum viscous resistance, i.e. with their long axis perpendicular 
to the direction of motion [this orientation gives lower aerodynamic diameters than 
equations assuming parallel or random orientations (Fuchs, 1964)]: 

Method I used only the information from the planar images of the particles. The 
aerodynamic diameter, Da, was calculated from the equation for prolate spheroids (Gonda 
and Khalik, 1985a, b): 

D ~ = M B  / F ,3~P (In 2 f l -  0.5)], (5) 
~/L'*Po 

where M B  is given by equation (1), fl by equation (2), po = 1 kgdm -3 and p, the density of 
CA, is 1.54 kg dm-3 (Dr John Stevens, Fisons, U.K., private communication). The volume 
of each particle was calculated assuming the prolate spheroid model as applied to 
electronmicrographs without the shadowing techniques (Gonda and Khalik, 1985a, b): 

Vp~ = (It/6) M B  2 L. (6) 

In the second and third methods, use was made of the thickness T obtained from the 
shadowing. The aerodynamic diameter was calculated from 

Oa = x / [6Vp / (n~epo ) ] ,  (7) 

where V is calculated as in equation (3) and 4~e is the diameter of a sphere giving the same 
viscous drag as the particle in question. Method II used the expression for q~e derived for 
elongated prolate spheroids (St6ber, 1972; Davies, 1979; Gonda and Khalik, 1985a, b): 

q5 e = 4L/[3(ln 2fl + 0.5)]. (8) 

Method III utilized the recently published empirical equation (Johnson, 1986; Johnson et al., 

1987) 

q5 e = D~/(0.246 + 0.531 ~ + 0.258 D~/D, - 0.036 L/D, ) ,  (9) 
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where the equivalent volume sphere diameter Ds is 

Ds = ( 6 V / I t )  1/3. ( 1 0 )  

[ V is from equation (3)]; ~b is the surface sphericity. 

~O = rcD2 /Ab,  (11) 

where Ab is the total area of the fibre 

Ab = 2 x ( M B  x L + M B  x T +  L x T)  (12) 

and the projected area diameter D. is 

D, = (4A /7~)  1/2. (13) 

The mass median aerodynamic diameter, MMAD, was found from the dependence of Da on 
the cumulative volume; the latter was calculated from equation (6) in method I and from 
equation (3) in methods II and III. Assuming logarithmic normal distribution, the geometric 
standard deviation of MMAD was obtained from the statistics of the number distribution of 
logarithms of the aerodynamic diameters. 

RESULTS AND DISCUSSION 

The calibration line for the fluorimetric assay was found to be rectilinear in the 
range 0.2-3.5 #gm1-1 [intensity = -0.1663 + 134.110 x concentration (#g/ml), n = 10, 
r 2 = 0.9999)]. The recovery of CA from the impaction surfaces was satisfactory (99-102%). 
The blank aerosols, generated from pure ddw gave negligible fluorescent signals. The three 
runs lasting 1.5, 3 and 5 min, respectively, gave very similar results for the deposits in the 
cascade impactor indicating steady state conditions even in the shortest run. The mass 
median aerodynamic diameter by this method was found to be (MMAD + S.D.) (0.65 + 0.02) 
#m, with the geometric standard deviation (a~ _+ S.D.) 1.88 + 0.05. There were no traces of 
any aqueous droplets on the gelatin coated slides; it can be assumed, therefore, that the 
drying column was adequate to remove the water completely from the CA particles before 
the entry into the cascade impactor. Thus, the impactor, indeed, sized CA particles rather 
than droplets containing them. Further evidence that individual CA particles, and not their 
aggregates, were being sized came from the SEM experiments reported below. 

As the observed MMAD was low, we were concerned about the efficiency of the 'absolute' 
filter on the last stage of the impactor. However, a second filter in series in the 3 min run gave 
no fluorescent signal; hence, a single filter appeared to capture even the small CA particle 
fraction. 

The electronmicrographs of the particles collected on the Nuclepore filters are shown in 
Fig. 3. The results for the geometric mean length, breadth and axial ratio and their geometric 
standard deviations for an initial 108 fibres in 60 f.v. and a total of 200 CA fibres in 100 f.v. 
are shown in Table 1. The criteria for the desired degree of precision of the parameters 
describing the particle size distribution [equation (4)] were clearly satisfied by measure- 
ments in one quadrant in each of the randomly selected 60 f.v. A larger number would have, 
in fact, exceeded the capacity of our computer system because of a great many compact 
particles in each f.v. 

Since the thickness T was measured only for a limited number of particles, multiple 
regression analysis was used to derive expressions which were then employed in the 
calculations of D a. For elongated particles 

T = (0.59657 M B  + 0.114658 L + 0.044379) tan 0 (14) 

n = 2 8 ,  r 2 = 0 . 6 9  
and for 'compact' particles 

T = (0.2968 L + 1.49724 B + 0.0728) tan 0 

n = 27, r 2 ------ 0.69, 

(15) 
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where tan 0 is the ratio of the thickness of the polystyrene latex sphere standard to its shadow 
length 

tan 0 = 0.2318/0.5227 = 0.4435. 

The mass median aerodynamic diameters MMAD calculated according to the three 
theoretical methods from the planar (P) images were all greater than the experimental 
MMAD obtained by cascade impaction (Table 2). The difference between the latter result 
and methods I and III is well within the expected level of uncertainty of the techniques used, 
especially since the size distributions are not perfectly log-normal. 

These theoretical calculations were based on the assumption that the particles are 
oriented to give the maximum viscous drag; calculations based on random, or parallel 
orientation to the direction of motion, would have yielded even higher aerodynamic 
diameters (Gonda and Khalik, 1985b). Method I which utilizes only the apparent two- 
dimensional images (i.e. no use is made of the thickness obtained from the shadowing 
technique) gives surprisingly good agreement with the experimental result both for MMAD 
and trg. Incorporation of the thickness measurement into the calculation of aerodynamic 
diameter and the volume for prolate spheroids (method II) gives still higher MMAD. 

Method III (Johnson 1986; Johnson et  al., 1987) is closer to the experimental MMAD and 
ag than method II; Sheaffer (1987) suggested a correction to the Johnson equation (method 
III). We have found no difference with Sheaffer's correction, the reason being that it only 
becomes significant for very high axial ratios. An additional source of uncertainty in the 
theoretical calculations arises from the fact that the deposited particles may not be parallel 
to the impaction surface. If we assume 54.7 ° as the statistical mean angle of particles with 
respect to the direction of motion (i.e. perpendicular to the image) (Fuchs, 1964) then a 
correction for the tilt (T) can be made (Table 2); this correction makes MMAD a little higher 
but it does not affect tro. 

The theoretical calculations were repeated for 'fibres only' (Table 2) by excluding small 
particles with axial ratio less than about 2.5 (subjectively, these particles looked very 
different from the much bigger well-formed elongated CA crystals). These calculations 
showed that the fibres still had a low MMAD, making them suitable for pulmonary drug 
delivery especially in conjunction with breath holding (Palmes et al., 1973). The value oftr o is 
lower for 'fibres only' than for 'all particles'; this is because the large number of the tiny 
compact particles adds a long tail to the cumulative mass distribution but their total 
contribution to the mass (and hence their effect on MMAD) is still small. We would expect 
that the majority of the elongated crystals and the small compact CA particles would deposit 
in the small airways and alveoli by diffusion and interception because their aerodynamic 
diameters are sufficiently low to prevent impaction and sedimentation in the upper 
respiratory tract. 

CONCLUSIONS 

We have succeeded in the preparation of respirable solid particles of cromoglycic acid 
with MMAD = 0.7/~m and trg = 1.9. These particles could have several advantages in 
respiratory therapy over the currently used sodium salt of the acid. Firstly, cromoglycic acid 
has a much lower aqueous solubility than sodium cromoglycate, and therefore it should not 
be subject to hygroscopic growth in the respiratory tract; secondly, the elongated shape of 
the cromoglycic acid particles has advantages in that high pulmonary deposition should 
occur by analogy with the deposition of asbestos and mineral fibres of similar dimensions 
(Timbrell, 1982); thirdly, the polydispersity of the cromoglycic acid powder is relatively low, 
presumably because the variation of the length of the particles has only a weak effect on 
MMAD. These three properties combined should improve the pulmonary and reduce the 
extrathoracic deposition of the drug. A successful application of this form of cromoglycic 
acid now requires the development of a suitable method of dispersion of the dry powder 
since the spray drying of aqueous suspension is impracticable for clinical use. 
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Fig. 3. Electronmicrographs of particles of cromOglycic acid collected on a polycarbohate filter, 
0.2 #m diameter (Nuclepore Corporation, Pleasanton, CA, U.S.A.). 
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Table 1. Geometric mean (Xa) and geometric standard deviation (%) of 108 and 200 
elongated cromoglycic acid particles in 60 and 100 fields of view, respectively 

No. of f.v. 
60 100 % Increment 

167 

X a trg X a % Xg % 

Length, L (#m) 1.997 1 . 7 9 9  2.090 1.826 4.63 1.50 
Mean breadth, MB (#m) 0.196 1 . 5 5 1  0.203 1.584 3.47 2.14 
Axial ratio (fl) 10.185 1.507 10.360 1.527 1.72 1.31 

Table 2. Mass median aerodynamic diameters (MMAD) and geometric standard deviation (trg) of cromoglycic acid' 
aerosols obtained by calculation from the geometric measurement (methods I-III) or experimentally by cascade 

impaction (last two columns) 

Method* I II III Cascade impaction 

MMAD MMAD MMAD MMAD 
(/~m) ag (/am) o'g (#m) ag (#m) ag 

P'I" 0.74 1.81 0.87 1.66 0.79 1.70 
All particles 0.65 1.88 

T:~ 0.78 1.80 0.96 1.64 - - S.D. 0.02 S.D. 0.05 

P~ 0.73 1.55 0.98 1.55 0.93 1.56 

T~ 0.78 1.55 1.05 1.55 - - 
Fibres only§ 

* Methods I-III are based on theoretical calculations which utilize the geometric measurements of the 
electronmicrograph images of the particles as explained in the text, equations (1)-(15). 

t P--planar images. 
:~ T--image dimensions corrected for tilt (see text under Discussion). 
§ Calculations which exclude small compact (fl < 2.5) particles of CA. 
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