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Abstract a Respirable crystals of cromoglycic acid (CA) were prepared 
by precipitation of CA with hydrochloric acid from aqueous solutions of 
cromolyn sodium and subsequent recrystallization from hot water or 
mixtures of dimethyl sulphoxide and water. The properties of the 
materials were established by melting point measurements, UV, IR, and 
NMR spectroscopy, and X-ray diffraction. Aerosols of CA were generat- 
ed by nebulization of dilute CA suspensions and drying. The aerody- 
namic size distribution of CA in the dried aerosols was found by cascade 
impaction, and could be characterized by a logarithmic normal function 
with a mass median aerodynamic diameter (MMAD) of 0.7 pm and 
geometric standard deviation (ug) of 1.9. The likely advantages and 
problems of CA aerosols in the prevention of asthma are discussed. 
- -. - .- .- . -. . -. . _ _  .- . . -. . - 

Cromolyn sodium (disodium cromoglycate, DSCG) i s  an 
antiallergic agent administered b y  inhalation into the respi- 
ratory t ract  for the prophylaxis of asthmas1 It is very hygro- 
scopic19~ and,  therefore, when solid DSCG particles are in- 
haled, they have the potential t o  take up water  in t h e  humid  
environment of the respiratory t rac t  a n d  thus change the i r  
aerodynamic behavior." 7 Consequently, this may have ad- 
verse effects on the deposition of DSCG in airways. The 
parent  acid of DSCG, cromoglycic acid (CA), has a much 
lower solubility in water  than DSCG. Therefore, rapid hygro- 
scopic growth of CA would not  be  expected. The elimination 
of the growth process should lead to more predictable drug 
delivery because the growth depends on the relative humid-  
i ty  in the respiratory t ract ,  which can vary depending on  
many parameters  such as the inspiratory flow rate and the 
inspirated air conditions.8~9 

We have previously suggestedlO that preferential crystal 
growth i n  one direction, leading t o  elongated particles, gives 
rise to an aerodynamic size distribution which could be 
advantageous for the following reasons. Long objects (e.g., 
fibers, needle-like crystals, etc.) have  aerodynamic diameters 
with a very weak  dependence on the length.11-16 Therefore, 
unidirectional crystal growth can  yield batches of crystals 
which, although variable in their lengths, c a n  nevertheless 
be aerodynamically narrowly distributed as long as their 
short axes are reasonably uniform. l o  The narrower the aero- 
dynamic size distribution (e.g., as measured by the geometric 
s tandard deviation, a), the greater is the selectivity of 
aerosol deposition to  t%e different parts of the respiratory 
tract.I7 Elongated particles which reach alveoli c a n  deposit 
there by the mechanism of interception,laJg in contrast to 
compact particles of the same aerodynamic diameter  ( 5 2  pm) 
which have a high probability of being exhaled unless 
prolonged breath holding is exercised.2G 22 For  the s a m e  
aerodynamic diameter, a fiber-like particle carr ies  a larger 
drug  mass than a compact one. Therefore, the total  number of 
particles t o  be delivered for the same effect in therapy would 
be lower wi th  elongated shapes. This could be  advantageous 
because of greater colloidal stability of the preparation wi th  
the  fiber-like particles, due  t o  lower interfacial energy. 

Experimental Section 
The water used in this study was double distilled (ddw), and the 

other chemicals were of analytical grade unless stated otherwise. 
Disodium cromoglycate (DSCG) was used as supplied by the manu- 
facturer. 

Preparation-A 100-mg aliquot of DSCG (Fisons plc, Pharmaceu- 
tical Division, Loughborough, Leceistershire, U.K.) was dissolved in 
30 mL of ddw. Then, 1 mL of concentrated hydrochloric acid (conc. 
HCl, Univar, Ajax Chemicals, Auburn, NSW, Australia) was slowly 
added into the stirred solution to  precipitate CA. The sediment was 
washed with ddw and centrifuged at maximum speed for 5 min 
(bench top model T22, Janetzki, Engelsdorf-Leipzig, Germany). The 
supernatant was discarded and the process of washing and centrifu- 
gation was repeated until the pH of the supernatant showed a value 
of -5 (pH 1-14 indicator paper, Whatman-BDH, Poole, U.K.). 
Cromoglycic acid (CA) was then either dried and characterized at 
this stage or subjected to recrystallization from hot water. In the 
latter case, the sediment was transferred to a beaker containing 
150-200 mL of water and heated on a hot-plate magnetic stirrer (no. 
35432 Cenco, Breda, The Netherlands) until CA dissolved. The 
solution was allowed to cool to room temperature and left standing 
overnight. The CA particles were filtered (no. 1 paper, 2 cm, 
Whatman, Maidstone, Kent, U.K.) and dried in a desiccator over 
silica gel. 

Dried CA from the acid precipitation was also recrystallized from 
methanol and dimethylsulphoxide (DMSO; Univar, Ajax Chemicals, 
Sydney, Australia). One milligram of CA was dissolved in 1-2 mL of 
hot methanol and the solution was allowed to  cool for crystallization. 
Alternatively, CA crystals from the initial acid precipitation were 
dissolved in DMSO and then water was added in a dropwise manner 
to this solution until the precipitation of CA just occurred. The 
crystals were redissolved by heating, and the solution was left 
standing overnight for crystallization. The CA particles thus formed 
were filtered and dried as above. 

Characterization of Solids-Scanning Electron Microscopy 
(SEMI-The CA particles on a microscope cover slip were mounted 
onto an SEM sample stub, using double-sided sticky tape, and coated 
with platinum under reduced pressure. Then, silver dag was applied 
to facilitate electrical contact between the stub and the specimen. 
The samples were examined with an SEM instrument (JEM 35C, 
Jeol, Tokyo, Japan) operating at 10-25 kV and equipped with both 
secondary and back-scattered electron detectors; the latter is useful 
for specimens with a low degree of contrast, such as the flat fibers of 
CA. 

As only the CA samples made by recrystallization from hot water 
and from the DMSO:H20 mixture appeared to have shapes consist- 
ent with the criteria stated above, the other solids were not subjected 
to the physical and chemical tests below. 

Melting Point (mp) Measurements-Melting points were deter- 
mined using both a conventional capillary method (Townson & 
Mercer, Croydon, U.K.), as well as a Kofler hot-stage microscope 
(Reichert, Wien, Austria) at a heating rate of 4 "C/min, as recom- 
mended for substances decomposing at melting.23 

Ultraviolet Absorption-The spectra of CA in 0.1 M NaOH were 
determined in a spectrophotometer (Lambda 5 UVNis, Perkin- 
Elmer, Norwalk, CT) using a pair of matched 1-cm pathlength 
quartz cells at a slit width of 2 nm, a response of 0.5 s, and a scan 
speed of 60 n d m i n .  

Znfrared A bsorption--Infrared absorption was measured with an 
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IR spectrophotometer (double beam 297, Perkin-Elmer, Norwalk, 
CT) using the KBr pellet method at a compression pressure of 2500 
lblin2. 

Proton Magnetic Resonance Spectra-The 'H NMR spectra were 
obtained with a Fourier transform instrument (FX 9OQ, Jeol, Tokyo, 
Japan). Chemical shifts were recorded as S (ppm), and either dioxan 
or DMSO was used as the internal standard. The solvent was 10% 
sodium deuteroxide. The other working conditions were: frequency, 
90 MHz; deuterium lock signal for tuning; data points 8K; and 
spectral width, 869 Hz. 

X-ray Powder Diffraction-The CA samples were gently ground in 
an agate mortar and the diffraction pattern was then recorded by an 
X-ray diffractometer (Miniflex CN2005, Rigaku, Tokyo, Japan), with 
a Cu target at 30 kV and a scanning speed of 2"/min at 50 Hz. 

Generation and Characterization of Cromoglycic Acid Aero- 
sols-Only the crystals obtained by recrystallization of CA from hot 
water were used in this part of the study. In order to obtain 
individual CA particles suspended in 2 mL of dilute suspen- 
sions of CA (0.05% w/v) in ddw were placed in a jet nebulizer 
(DeVilbiss no. 40, Somerset, PA) with the vent hole closed. Com- 
pressed air was supplied at  the rate of 8.5 L/min, measured upstream 
by a flowmeter equipped with a needle valve (Tube B6, Platon, 
Basingstoke, Hants, U.K.). The aerosols were generated for 1.5 to 5 
min to confirm steady state. Control runs were done in triplicate for 
2 min each, using ddw instead of the suspension. The nebulizer was 
connected with a short Teflon tubing to a glass tube (i.d. = 1.5 cm) 
which had three triangular baffles (Figure la) and a near rectangu- 
lar bend leading to the orifice of a vertical drying column (Figure 1 
b). This consisted of two serial sections. The first one was a 50-cm 
long copper tube (i.d. = 5 cm) which was wrapped with electrical 
heating tape (Isopad, Borehamwood, Herts, U.K.) on the outside. The 
lower end of the copper tube was connected to a tubular perforated 
wire mesh (100 cm long, i,d. = 5 cm) which was placed in a perspex 
cylinder of the same length with an i.d. of 12 cm. The space between 
the wire mesh and the perspex walls was filled with silica gel and the 
two ends of this section were sealed with end plates except for the 5- 
cm i.d. central orifices for the passage of the aerosol. Since the total 
air flow rate through the sampling instrument (see below) was 12.5 
Llmin, rwm air was added to the aerosol a t  the top of the drying 
column at  a rate of 4.5 L/min. The residence time of the aerosol in the 
drying column was thus 14 s. The heating tape was supplied with 
electric current through a variac adjusted to achieve the maximum 
steady-state temperature (140 "C with stagnant air in the middle of 
the first drying column section). The drying efficiency was checked 
by placing gelatin-coated circular glass slides in the sampling device. 
The coating was prepared by spreading a layer of 5% (w/v) aqueous 
solution of gelatin (Granulated gelatin, Laboratory Chemicals, Gov- 
ernment Stores Department, Australia) on the slide. If any undried 
droplets deposit on such slides, they should be detectable under 
optical microscope as circular marks.= The drying column was 
connected to the sampling and measurement device, a cascade 
impactor (DCI6, Delron Research Company, Powell, OH). 

The analytical method used, fluorimetry, is very sensitive to any 
fluorescent contaminants. Therefore, all glassware was routinely 
treated as follows. It was first washed with concentrated nitric acid 
(Ajax Chemicals, Auburn, NSW, Australia) and rinsed with ddw. In 
subsequent use, the glassware was brushed in detergent solution, 
and rinsed thoroughly with tap water and then five times with ddw. 
Then, it was sonicated in ddw for 20 minutes, rinsed twice with ddw, 
and then sonicated in phosphate bufferm (pH 6.5) for 20 min. 
Fluorimetric measurement was then done to confirm the absence of 
fluorescent contaminants. The glassware was allowed to dry on 
lintguard wipers (Kimwipes, Kimberley Clarke, Milsons Point, 
NSW, Australia). The glass slides were subsequently handled with 
clean forceps. 

The six stages of the cascade impactor had circular glass slides 
coated with silicone fluid7.10.30 (200 fluicU60 000 s, Dow Corning, 
Blacktown, NSW, Australia). Ten percent (wiv) of the silicone fluid 
was dissolved in cyclohexane (Univar, Ajax Chemicals, Auburn, 
NSW, Australia) and 0.4 mL of this solution was pipetted (Pipetman 
P1000, Gilson Medical Electronics, Villiers Le Bel, France) onto a 
pre-cleaned glass impactor slide. The solvent was allowed to evapo- 
rate and a smooth layer of silicone fluid resulted on the slide surface. 
Neither the cyclohexane nor the silicone fluid gave any fluorescent 
signals under the assay conditions (see below). The filter stage had 
an 'absolute' filter (Type A-E glass, 76 mm, Gelman Sciences, Ann 
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Flgure 1-(A) The tube with baffles connecting the nebulizer to the 
drying column. (6) Diagram of the column for drying the droplets of 
aqueous suspension of cromog/ycic acid. 

Arbor, MI). These filters had to be washed up to five times with 300 
mL of ddw until they gave no fluorescent signals in the washing. 
They were then dried on the wiper tissues as described above for the 
glassware. The assay of CA was done in phosphate buffer (pH 6.5) 
using a spectrofluorimeter (MFP-44B, Perkin-Elmer, Norwalk, CT). 
The optimum combination of absorption and emission wavelengths 
were found to be 330 and 480 nm, respectively, with slit widths of 5 
and 15 nm, respectively. The signal gain was -3. The calibration 
curve was prepared in  the range 0.2-3.5 pg/mL, using five concen- 
trations, each one a t  least in duplicate. 

The CA deposited on the impactor slides was subjected to a double- 
extraction procedure similar to  thofie reported previously.7JO~31 
Briefly, the slides were placed in 100-mL beakers with 5 mL of 
cyclohexane in a n  ultrasonic bath (Bransonic 52, Branson Cleaning 
Equipment Company, CT) for 20 min. Then, 5 mL of the phosphate 
buffer was added and the sonication continued for another 20 min. 
The liquid mixture was then centrifuged for 5 min at  maximum 
setting in the bench centrifuge. The buffer layer was analyzed 
spectrofluorimetrically under the conditions described above. The 
filters from the last stage were put in 15 mL of the phosphate buffer 
in 500-mL beakers in the ultrasonic bath for 20 min. The CA solution 
in the buffer was withdrawn through a 0.22-pm filter (Millex GS, 
Millipore, Bedford, MA) and analyzed spectrofluorimetrically. 
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The recovery of the CA from the collection surfaces was checked by 
spiking the slides with 2 and 50 pg of CA in 0.2 mL of a lO-pg/mL 
aqueous solution and a 250-pgimL suspension in 0.1M hydrochloric 
acid, respectively. Likewise, the Gelman filters were spiked with -5, 
20, and 40 p g  of CA. After drying in the desiccator, CA was extracted 
as described above. All concentrations and blank controls were done 
in triplicate. The amounts of CA deposited on the slides and the filter 
were used to calculate the aerodynamic size distribution of the 
aerosol, using the indirect least-mean-square fitting pro~edure7.~~ 
implemented on a Cyber 830 computer at the University of Sydney. 
Aerodynamic size distribution was obtained also from microscopic 
sizing and theoretical m0dels.3~ 

Results and Discussion 
The CA obtained by precipitation with HC1 (Figure 2a) 

shows a characteristic branched structure with low apparent 
crystallinity. Recrystallization from hot water gave flat fi- 
bers (Figure 2b). The CA obtained from methanol was a 
mixture of amorphous looking material, with some very fine 
fibers (Figure 2c). The DMSO:H20 system, on the other 
hand, yielded well-formed rod-shaped particles (Figure 2d) 
similar to those obtained from hot water. Nonpolar solvents 
(benzene, cyclohexane) were found unsuitable for crystalliza- 
tion due to the low solubility of CA in them. Both melting 
point methods gave similar ranges of mp for the CA solid 

A 

C 

prepared by different methods (Table I). The wide ranges are 
due to the decomposition of CA on melting and, perhaps, high 
heating rates. The W spectra of the various CA samples 
were identical and, in fact, the same as that of cromolyn 
sodium in distilled water (A,,, = 327.7 and 239.2 nm, the 
former being pH independent). The IR spectra of the com- 
pounds before and after crystallization from hot water were 
very similar; the sample from the DMSO:H20 mixture had 
the same qualitative appearance, except for the peaks at 
3050 and 1090 cm-' which suggest the resence of some 
DMSO (Figure 3). This was confirmed by H NMR spectra: 
the extra peak at 2.72 ppm (Figure 4) corresponds to DMSO 
and it could be removed by either heating CA at 170 "C under 

lp 

Table CYeltlng Points of Solid Forms of Cromoglyclc Acid 
Prepared by Varlous Methods 

Cromoglycic Acid Melting Point, "C 

From acid precipitation 239-247 
Recrystallized from hot water 242-247 
Recrystallized from DMSO 238-244 
Recrystallized from DMSO (heated under 

reduced pressure and checked by 'H 
NMR to be free from DMSO) 237-243 

B 

D 

Figure 2-Electron micrographs of cromoglycic acid from precipitation of aqueous solutions of cromolyn sodium by hydrochloric acid (A) and after 
recrystallization of these crystals from water (B), methanol (C), and a DMSO:HzO mixture (D). 
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Flgure 3-The IR spectrum of cmmoglycic acid recrystallized from 
water (A) and from a DMSO:H,O mixture (B). 
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reduced pressure for 24 h, or exhaustive washing with H20. 
The latter result, together with identical X-ray powder 
diffraction patterns of CA crystallized from hot water and 
from the DMSO:HZO mixture (Figure 5a), suggest that the 
DMSO attaches loosely to the crystal, rather than forming a 
solvate with CA. The diffraction pattern of CA obtained by 
HC1 precipitation (Figure 5b) indicates a lower degree of 
crystallinity than the previous two samples, but the same 
polymorphic form. The CA crystals obtained by recrystalliza- 
tion of the acid precipitate from hot water satisfied our initial 
goals in terms of their size and shape, and they were also of 
superior purity. Therefore, only this solid form was used for 
the preparation of CA aerosols. 

The efficiency of the drying column was found to be 
adequate under the stated conditions, as judged from the 
absence of any marks originating on the gelatin-coated slides 
from aqueous droplets. The absence of water was further 
confirmed by the results from optical analysis33 which 
showed that the minimum value of the mass median aerody- 
namic diameter (MMAD) calculated is still bigger than the 
value obtained from the impactor. If the particles in the 
cascade impador had contained a significant amount of 
water, the direct aerodynamic sizing would have indicated a 
greater aerodynamic diameter than the optical method. It 
can be thus assumed that the aerodynamic properties mea- 
sured were those of dry CA particles, rather than the droplets 
containing them. The use of an efficient drying column, 
instead of mixing of the wet aerosol with excessive quantities 
of dry hot air, had several advantages: the flow rate matched 
that of the cascade impactor and therefore the whole of the 
aerosol could be sampled avoiding the problems of nonrepre- 
sentative sampling; and turbulence was minimized, which 
reduced losses of CA in the equipment. 

The calibration curve for the CA spectrofluorimetric assay 
was found to be rectilinear in the range 0-2.0 pg/mL [inten- 
sity = 0.1663 + 134.110 x concentration (pg/mL), r2 = 
0.9999, n = 101. The recoveries of CA from the slides and the 
filter were >99.5%; the blanks gave no fluorescent signal. 
Similarly, when ddw aerosols were generated instead of CA 
suspensions, these controls gave practically undetectable 
fluorescent signals. The steady-state conditions were 
achieved within the first sampling interval of 1.5 min (the 

0OU"T R A T E  

A 1 C I . l  

I 

I I I I I I 
10  8 0 4 2 0 P P Y  

B 

10 8 6 4 2 0 P P Y  

Figure &The 'H N M R  of cromoglycic acid recrystallized from water 
(A) and from a DMSO:H,O mixture (B). 
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Flgure 5-The X-ray powder diffraction pattern of cromoglycic acid after 
(A) and before (6) recrystallization from water or a DMSO:H,O mixture. 
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differences in aerodynamic size a t  later times were insignifi- References and Notes 
cant). 

The dried CA aerosols were found to have aerodynamic size 
distributions best described by a logarithmic-normal proba- 
bility function characterized by a MMAD of 0.65 * 0.02 pm 
(mean +. SD) and ug of 1.88 5 0.05 (mean 5 SD; Table 11). 
Such aerosols would be respirable and they should penetrate 
into the alveolar region.20-22 Interception of elongated parti- 
cles18J9 and breath-holdingz2 would enhance the alveolar 
deposition of these CA particles. The low observed value of 
MMAD alerted us to the possibility that the ‘absolute’ filter 
on the last stage of the impactor might have, in fact, allowed 
some of the CA to  escape. However, when two filters were 
used in series on the last stage (run 3, Table 111, no fluores- 
cent signals could be detected on the second (bottom) filter, 
using the same extraction procedure as for the other filters. 
The relatively high value of ug is disadvantageous since such 
a degree of polydispersity would be likely to lead to less 
specific deposition in the alveolar region compared with a 
‘monodisperse’ aerosol with the same MMAD.17 Also, we 
previously found another drug aerosol, with particles ‘engi- 
neered’ in an elongated form, to have significantly lower ug 
values than those reported here.lo This phenomenon was 
investigated in detaila3 using optical analysis of the collected 
aerosol as input for theoretical expressions for the aerody- 
namic diameters of the CA particles.loJ6 These methods gave 
a MMAD of 0.7-0.9 pm and a ug of 1.6-1.8, values which 
were in close agreement with the calculation based on the 
mass assay of CA reported here. In those experiments, only a 
small quantity of the CA particles was collected in order to 
eliminate the possibility of formation of artifactual aggre- 
gates by overloading the collection surfaces. In fact, no such 
aggregates were observed. This provided evidence that, in- 
deed, individual CA particles were assessed by the cascade 
impador method in the work reported here as well. The 
optical method, however, revealed the presence of small 
particles with low values of axial ratios which looked like 
fragments from the long CA crystals; they could have origi- 
nated also from the evaporated droplets which did not initial- 
ly contain any solid CA particles, but had small quantities of 
nonvolatile soluble material in them (dissolved CA plus 
contaminants). When these particles were excluded from the 
analysis, the MMAD rose slightly, but the ug was significant- 
ly reduced to 1.55. Therefore, the fragments which were 
probably formed as a result of mechanical handling and the 
nebulization were responsible for the higher than expected 
value of ug These small particles would still have preferen- 
tial alveolar deposition. 

In conclusion, a respirable form of CA solid particles was 
prepared with aerodynamic properties suitable for delivery 
into the distant parts of the respiratory tract. Future work 
must address a practical generation of dry particles of CA, 
without the use of a large drying column, if those aerosols are 
to be used in therapeutic practice. 

Table Il-Mass Median Aerodynamic Diameters (MMAD) and 
Geometric Standard Deviatlons (ug) of Cromoglycic Acid 
Aerosols a 

Run MMAD, p m b  + 
1 0.68 2 0.02 1.88 -C 0.05 
2 0.64 2 0.02 1.88 * 0.05 
3 0.64 t 0.02 1.88 -+ 0.05 

Mean 0.65 ? 0.02 1.88 % 0.05 

‘Measured by cascade impaction. bMean t estimated accuracy of 
the least mean square fit in the individual run. 
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