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An investigation was undertaken to examine the effects of the addition of certain 
substances-viz., low molecular weight polyethylene, ethylcellulose 20 cps., and 
glyceryl ester of hydrogenated rosin, to carnauba wax, hydrogenated castor oil, 
and synthetic wax-like ester, on the in vitro dissolution patterns of spray-congealed 
particles of sulfaethidole (SETD) and wax-modifier combinations. The pneu- 
matically atomized and congealed particles of the drug-wax-modifier suspen- 
sions were observed to possess log-normal particle-size distributions. These were 
characteristic for a particular wax. The addition of low molecular wei ht poly- 
ethylene was observed to increase the particle size significantly for all &ee wax 
formulations. The in vitro dissolution patterns appear to be second order, being 
functions of the effective surface area and the weight of drug available for dissolu- 
tion. The dissolution patterns of SETD from the three wax formulations were 
observed to be characteristic for each wax and dissolution medium. The addition 
of low molecular weight polyethylene was observed to retard the dissolution rates 
of SETD from hydrogenated castor oil and synthetic wax-like ester formulations. 
The addition of ethylcellulose tended to increase the dissolution rate from carnauba 
wax and synthetic wax-like ester formulations. The addition of glyceryl ester of 
hydrogenated rosin tended to decrease the dissolution rate of the drug from car- 

nauba wax and hydrogenated castor oil formulations. 

LTHOUGH THE USE of spray-congealing tech- A niques for modifying the physical, chemical, 
or physiological behavior of drugs has been in use 
for more than 10 years, information of direct 
value in the spray congealing of pharmaceutical 
systems has not appeared in the literature until 
very recently. Scott et al. (1) were probably the 
first pharmaceutical investigators to conduct an 
extensive study on the production factors in- 
fluencing the size and distribution of spray- 
congealed particles. In their work, stearic acid- 
ethylcellulose mixtures were spray congealed us- 
ing a specially instrumented spray dryer and a 
centrifugal wheel atomizer. The variables 
studied included atomizer wheel, feed rate, and 
feed viscosity. 

A series of studies has been undertaken in 
these laboratories on spray-congealed particles 
prepared from a suspension of sulfaethidole 
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(SETD) in melted waxes by atomizing through a 
compressed air-nozzle assembly. Cox (2) studied 
the effect of various production variables such as 
siphon height and atomizing pressure on the 
dissolution behavior and size of spray-congealed 
particles of SETD-white wax and SETD-syn- 
thetic wax-like ester. John and Becker (3) stud- 
ied the effect of the surfactant sorbitan monooleate 
on the particle size and dissolution behavior of 
similar spray-congealed particles. Cusimano and 
Becker (4) prepared spray-congealed particles of 
SETD and different waxes and observed that 
their dissolution behavior depended on the chemi- 
cal composition of the wax and the composition 
of the dissolution medium. The in vitro dissolu- 
tion data obtained by using the rotating-bottle 
method (5) in these investigations could not be 
fitted to existing theoretical models for dissolu- 
tion (6,7) because these are based on the assump- 
tion that the total surface area of the dissolving 
solid does not change significantly during the 
period of observation. The dissolution model 
utilized was first proposed by Cox (2). 

C = Ce[l - (1 + l /d)- ' ]  (Eq. 1) 

where C is the weight of drug in solution at  a 
particular time t ,  C, is the weight of drug in 
solution at  equilibrium, and c and d are constants 
for a particular formulation. 

The purpose of the present investigation was to 
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determine the effect of the presence of certain 
modifiers in the spray-congealed particles of 
SETD and waxes on the in uitro dissolution 
behavior of the drug in acid pepsin medium pH 
1.1 (simulated gastric fluid USP) and alkaline 
pancreatin medium pH 8.3 [test fluid B of Robin- 
son and Swintosky @)]. Additional experiments 
were also conducted to study the in vitro dissolu- 
tion pattern of SETD from tablets made with 
these spray-congealed powders with and without 
disintegrants and from control tablets made with 
a mixture of SETD and spray-congealed powders 
of waxes with modifiers. The results of these 
will be reported separately. 

L- 

EXPERIMENTAL 

Experimental Design and Choice of Materials- 
The main consideration given in the selection of the 
waxes for this investigation was that the resulting 
congealed particles should be free flowing, so that 
they could be added to tablet granulations, if 
needed. The candidate modifiers should dissolve 
completely in these waxes when melted. Accord- 
ingly, carnauba wax, hydrogenated castor oi1,l and 
a synthetic wax-like ester* were selected as the 
waxes. They are designated WI, W2, and WS, 
respectively. The three modifiers used were: a 
low molecular weight polyethylene,* ethylcellulose 
20 CPS. ,~ and glyceryl ester of hydrogenated rosin.6 
These are designated MI, Me, and Ms, respectively, 
and were used in three levels of concentration. 
The content of SETD was kept constant in all the 
formulations a t  25% w/w. The exact drug content 
of each product was determined by subsequent 
assay. The content of wax in the different formu- 
lations varied depending upon the concentration 
of the modifier added. The concentrations of the 
modifiers expressed as % w/w were: 0, 5, and 10 of 
low molecular weight polyethylene (MI); 0, 1, and 
2.5 of ethylcellulose (Me); and 0, 5, and 10 of 
glyceryl ester of hydrogenated rosin (Ma). The con- 
centration levels are designated as C5, CIO, CI, G.5 

etc., where the subscript indicates the ’% w/w of 
the modifier. 

Preparation of Spray-Congealed SETD and Wax 
Particles-The appropriate quantity of wax was 
first melted in a stainless steel beaker. The modifier 
was then added and dissolved in the wax by stirring 
over very low heat. The stainless steel beaker 
was then transferred to a constant-temperature 
bath and maintained a t  the desired temperature for 
spray congealing (100 f 2” for carnauba wax and 
castor wax formulations and 80 f 2’ for synthetic 
wax-like ester formulations). A sufficient quantity 
of SETD was next added and mixed with a variable 
speed mixer until a homogeneous dispersion was 
achieved. The mixer ran constantly during the 
spray congealing operation so that any settling 

1 Marketed as Castorwax M.P. 87 by Baker Castor Oil 

i’Marketed’es Glycowax 5-932 by Glyco Chemicals, Inc., 

8 Markeked as Epolene E/10 by Eastman Chemical 

4 Marieted ’as Ethocel’ 20 CPS bv Dow Chemical Co.. 

Co Bayonne N. J. 

New York N .  Y. 

Products Inc. Kingsport Tenn. 

Midland Mich. 

Wilmington, Del. 
1 Marieted as Stabelite Ester 5 by Hercules Powder Co., 

of the drug would be avoided. The batch size 
was maintained constant a t  2,000 g. The melted 
mix was atomized through an external-mixing 
pneumatic nozzle having an orifice diameter of 
0.25 cm. (0.1 in.). The apparatus has been de- 
scribed previously (3). A Teflon siphon tube, 
wrapped with a heating tape, maintained the melted 
wax-drug mixture at the desired temperature while 
it passed up to the pneumatic nozzle. Dry air was 
passed through the nozzle at a pressure of 40 p.s.i. 
This was sufficient to deliver the melted wax-drug 
mixture to the nozzle and then bring about atom- 
ization. Since the air was not heated prior to 
entering the nozzle, the latter was equipped with a 
heater and a thermocouple monitoring system so 
that it could be maintained at the desired tempera- 
ture during the spraying operation. This prevented 
interruption due to clogging of the nozzle by the 
congealing of melted wax drug. The nozzle orifice 
was directed into the collection chamber such that 
the particles of melted wax-drug congealed in the 
air. This resulted in a very fine powder which was 
collected and then passed through a No. 30 US.  
Standard sieve before conducting any of the sub- 
sequent experiments. 

Particle-Size Measurements-A microscope fitted 
with an ocular micrometer was used to determine 
the particle-size distribution of each sample. The 
ocular micrometer was calibrated using the 45 X 
objective and a stage micrometer, the scale of 
which was 2 mm. in length. The calibration was 
such that one division of the micrometer scale of 
the eyepiece was equal to 0.267 p. 

A small sample of the material was withdrawn 
from the powder jar containing the product, after 
the latter had been thoroughly mixed by shaking 
for about 3 min. The sample was placed on a clean 
slide and a cover slip placed over it. The slide 
was mounted on the microscope and the 45 X 
objective brought into focus. In order to obtain a 
representative distribution, all particles within a 
microscopic field were measured and a t  least five 
different fields, each a representative of a particular 
section of the slide, were examined. 
Assay of Spray-Congealed SETD-Wax Particles- 

Each product was formulated to contain about 25% 
SETD by weight. Chemical analyses were then 
performed on each product to determine the exact 
SETD content. 

About 0.5 g. of the spray-congealed product, 
accurately weighed, was dissolved in 50 ml. of hot 
chloroform and the SETD was extracted with 5 
portions of 0.10 N HCl. The acid extract was then 
assayed for SETD content by the Bratton-Marshall 
(9) procedure using a Klett-Summerson photo- 
electric colorirneter with a No. 54 filter. 

A standard curve for SETD was also prepared 
and was found to be valid to a concentration of 2 mg. 
yo SETD. Appropriate blank and standard solu- 
tions were run with all samples assayed. 

In Vitro Dissolution Studies-The dissolution 
behavior of all spray-congealed products was de- 
termined using a rotating-bottle apparatus (5), and 
a procedure similar to that of Robinson and Swin- 
tosky (8 ) .  Rosen (10) has shown a direct rank 
relationship between in vitro dissolution data using 
the rotating-bottle method and the resp.ective in 
vitro data in his studies on sustained-release prepar- 
ations of prochlorperazine-Y5. 
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About 0.5 g. of the product, equivalent to 0.1200 g. 
of SETD as determined by prior assay, was ac- 
curately weighed into 90-ml. screw-capped bottles. 
Sixty milliliters of acid pepsin medium pH 1.1 
(simulated gastric fluid USP), previously warmed 
to  37 f lo, was added to each bottle. Duplicate 
samples were allowed to  rotate end over end at a 
speed of 40 to 45 r.p.m. in a water bath maintained 
at 37 f lo. The samples were removed a t  0.25, 
0.5, 0.75, 1, 1.25, 1.5, and 2 hr. The samples were 
filtered immediately and an appropriate aliquot of 
the filtrate was then assayed for SETD content. 
Samples were also run for extended periods of time, 
24 and 48 hr. However, equilibrium concentra- 
tion was not attained in acid pepsin medium during 
this period. 

Dissolution studies were also conducted in an 
alkaline environment in a similar manner. Again, 
the equivalent of 0.1200 g. of SETD was weighed 
into each bottle, and 60 ml. of alkaline pancreatin 
medium (pH 8.3) was added. Samples were re- 
moved for assay a t  0.25, 0.5, 0.75, 1, 2, 3, 4, and 6 
hr. Studies were also conducted for a period of 24 
hr. a t  which time equilibrium was attained in most 
of the samples. 

RESULTS AND DISCUSSION 

Spray-Congealed SETD-Wax Products-All the 
spray-congealed SETD-wax products were fine 
powders. Carnauba wax and hydrogenated castor 
oil products were more free-flowing than the syn- 
thetic wax-like ester products. The latter showed 
a tendency to  become lumpy on storage. How- 
ever, the lumps could be broken up easily by shaking 
the container for a few minutes. 

An examination of the production rates of the 
various formulations showed that the synthetic 
wax-like ester products, in general, could be sprayed 
at a faster rate than hydrogenated castor oil and 
carnauba wax formulations, in that order. This 
correlates with the relative hardness of the waxes. 
The synthetic wax-like ester was found to be the 
least hard of the three waxes and carnauba wax, 
the hardest, as determined by penetrometer6 
studies. All three modifiers increased the hardness 
when added to  the synthetic wax-like ester formula- 
tion. The additives also slowed the rate of pro- 
duction. The same type of behavior was also 
noticeable in hydrogenated castor oil formulations. 
However, the difference in hardness among the 
carnauba wax formulations with the addition of 
modifiers was not so clearly detectable by the 
penetrometer. 

Particle-Size Analysis-The size frequency data 
of the spray-congealed formulations were converted 
to a weight basis by assuming the shape and density 
factors to be constant throughout the size range 
according to the procedure described by Edmundson 
(11). The relative weight in each size interval 
was obtained by cubing the midpoint value of the 
interval and multiplying by the frequency. The 
cumulative frequency distributions by weight were 
found to be log-normally distributed. Figure 1 is a 
plot of the particle sizes of SETD-carnauba wax 
and SETD-carnauba wax with 10% low molecular 
weight polyethylene. The effect of the addition of 

6 Precision Universal Penetrometer, Precision Scieutific 
Comgany, Chicago, Ill. 

3 101 ' 
5 10 20 30 40 50 bo 70 80 90 95 

CUMULATIVE WEIGHT PERCENT OVERSIZE 

Fig. I-Particlesize distribution (by weight) of 
s pray-congealed particles of SETD-carnuuba wax 
( 1 )  and SETD-carnauba wax with 10% low molecular 

weight polyethylene ( 2 ) .  

this modifier to the formulation on the particle size 
is evident. 

A statistical analysis of the particle-size data of 
all the spray-congealed formulations showed that 
SETD-carnauba wax formulations were generally 
smaller particles with an average geometric weight 
mean diameter (dgw) of 24.92 p and an average 
geometric standard deviation ( u )  of 1.62. SETD- 
hydrogenated castor oil formulations had an 
average dg, of 29.14 p and an average u of 1.53, 
while SETD-synthetic wax-like ester formulations 
had an average dg, of 27.53 p and u of 1.57. The 
addition of low molecular weight polyethylene to 
the waxes resulted in larger spray-congealed par- 
ticles. As the modifier concentration was increased, 
the particle-size increase was observed to be linear 
and statistically significant. The average increase 
in dg, when 10% of low molecular weight poly- 
ethylene was added to the waxes was 6.75 p with 
no significant change in the standard deviation. 
The increase in dg, with the addition of ethylcellu- 
lose or glyceryl ester of hydrogenated rosin was not 
very significant in the concentrations considered 
in the present study. There appeared, however, 
to  be a decrease in the standard deviation in the 
formulations containing ethylcellulose, indicating 
the formation of uniform particles. 

Microscopic examination of representative sam- 
ples from the spray-congealed products showed that 
all the formulations yielded particles that appeared 
to be spherical in shape with smooth nonporous 
surface. Existence of some clusters of the particles 
was also noted in all the formulations. 

Analysis of Dissolution Data-An inspection of 
the values of constant c in Eq. 1 obtained in the 
previous studies from this laboratory showed that 
the values were close to unity. The substitution 
of the constant c by 1 in Eq. 1 can simplify the 
equation as follows : 

c = Cell - (1  + l /d ) - ' ]  (Eq. 2 )  

Equation 2 may be rearranged as follows: 

Dividing Eq. 3 by C, gives the integrated form of a 
second-order equation 
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The first derivative of Eq. 4 being 

7 -  

0 

1751 

= kz(C, - C)2 dt 

The dissolution rate from a solid by the Noyes- 
Whitney equation (6) is given as follows: 

= k . S [ ( X  - C )  - ( X  - C,)] (Eq. 6) dt 

where S is the surface area of the dissolving solid, 
assumed constant, and X is the initial weight of the 
solid present. I t  is reasonable to  assume that the 
effective surface area available at any time is ap- 
proximately proportional to the amount of solid 
drug remaining to be dissolved. Thus, effective 
surface area may be written in terms of C as follows: 

S = k s [ ( X  - C )  - ( X  - Ce)] (Eq. 7) 

where k, is the proportionality constant. 
When C = C,, then S = 0. Thus effective sur- 

face should be nil a t  equilibrium concentration and 
no more of the solid dissolves. Substituting the 
right-hand side expression of Eq. 7 into Eq. 6, 

= kl(C. - C)z dt 

Thus an apparent second-order rate of dissolution 
should be observed with changing surface area. 
The initial dissolution rate, k . CeZ, may be obtained 
from Eq. 8 by substituting the initial conditims: 
when t = 0, then C = 0. 

Figure 2 shows the plot of C/[(C, - C)CJ 
versus t for the dissolution of plain SETD powder in 
acid pepsin medium. Figures 3, 4, and 5 show 
similar second-order plots of the dissolution data 

91 
/ /. 

0 0.5 I 1.5 2 
TIME, hr. 

Fig. .%-Plot of C/[(C, - C)C,] as a function of time 
for the dissolution of plain SETD powder in acid 

0 0.5 I 1.5 2 

Fig. 3-Plot of C / [ ( C .  - C)C.] as a function of 
time for the dissolution of SETD from spray-con- 
gealed particles of SETD-hydrogenated castor oil in  
acid pepsin medium ( I )  and alkaline pancreutin 

medium (2 ) .  

TIME, hr. 

of some of the spray-congealed formulations, 
indicating that the drug release pattern remains 
essentially the same as in the powder with only the 
rates being modified. 

Figures represent cumulative percent of SETD 
released with time, of some of the spray-con- 
gealed formulations of hydrogenated castor oil 
showing the effect of the addition of low molecular 
weight polyethylene, ethylcellulose, and glyceryl 
ester of hydrogenated rosin, respectively. The 
points are experimental, whereas the lines are 
drawn from the predicted value obtained by fitting 
Eq. 2 by a modified Gauss-Newton nonlinear least- 

20 

15 

(Y 

0 

G 10 
Y 
e 

s 

I - 
0 

V 
5 

C 

A LA 
I 2 

TIME, hr. 

Fig. 4-Plot of C / [ ( C .  - C)Ce]as  a function of time 
for the dissolution of SETD from spay-congealed 
particles of SETD-carnauba wax with 2.5% ethyl- 
cellulose i n  acid pepsin medium ( 1 )  and alkalzne 

pepsin medium. pancreatin medium ( 2 ) .  
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0 
a - 

0 I 2 
TIME, hr. 

Fig. 5-Plot of c/[(c. - C)c,] as a function of time 
f o r  the dissolution of S E T D  from spray-congealed 
particles of SETD-carnauba wax with 10% glyceryl 
ester of hydrogenated rosin in acid pepsin medzum 

( I )  and alkaline pancreatin medium (2 ) .  

squares procedure (12). The mean standard 
deviation for the fit was 1.4370 for the acid pepsin 
dissolution data and 1.90% for the alkaline pan- 
creatin dissolution data. 

Effect of Modifiers on the Dissolution Pattern 
of SETD-Carnauba Wax Formulations-Table I 
gives dissolution data of SETD-carnauba wax 
formulations with different modifiers. In general, 
it can be seen that the percentage of SETD released 
a t  equilibrium in alkaline pancreatin medium was 
higher than in acid pepsin medium. These ob- 

0 

80 
W 
J 
W a 

n 60 
I- 
W 
u) 

I- 40 
5 
L 
0 a 

20 

-0 I 2 3 4. 6 
TIME, hr. 

Fig. 6-Plot of cumulative percent of S E T D  released 
versus time in acid pepsin medium ( 1 , 2 )  and alkaline 
pancreatin medium (3, 4 )  from SETD-hydrogenated 
castor oil (2,  4 )  and SETD-hydrogenated castor oil 

with 10% low molecular weight polyethylene ( 1 , 3 ) .  

0 I 2 3 4 6 
TIME, hr. 

Fag. ?-Plot of cumulative percent of S E T D  released 
versus time in acid pepsin medium ( 1 , Z )  and alkaline 
pancreatin medium (3 ,  4 )  from SETD-hydrogenated 
castor oil (2 ,  4 )  and SETD-hydrogenated castor oil 

with 2.5y0 ethyl cellulose ( 1 , 3 ) .  

servations are also reflected in higher second-order 
rate constants and higher initial dissolution rates. 
This may be mainly due to  solubilizing or disinte- 
grating effect of the alkaline pancreatin medium on 
carnauba wax, resulting in exposure of more effec- 
tive surfaces of drug for dissolution. The effect 
of the addition of low molecular weight polyethylene 
in 10% concentration to the wax decreased the 
percentage of SETD released by about 575 in acid 
pepsin medium at the end of 2 hr. This is also 
reflected in the lower values observed for the second- 
order rate constant and the initial dissolution rate. 

In  alkaline pancreatin medium the percentage 
released at the end of 1 hr. was about 6% less, 
while a t  the end of 6 hr. the difference was more 

TIME, hr. 

Fig. 8-Plot of cumulative percent SE T D  released 
versus time in acid pepsin medium ( 1 , 2 )  and alkaline 
pancreatin d u m  (3, 4 )  from SETD-hydrogenateii 
castor oil (2 ,  4 )  and SETD-hydrogenated castor oil 

with 10% glyceryl ester of hydrogenated rosin ( I ,  3). 
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TABLE I-DISSOLUTION  DATA^ EXPRESSED AS PERCENT SETD RELEASED 

FROM SETD-CARNAUBA WAX FORMULATIONS 

-WI- -WIMICIO-- - WiMCz.6- -WIMSGQ- 
Time, hr. Ab BE A B A B A B 

0 .25  11.9 45.31 9.89 47.30 14.01 58.22 7.88 40.98 
0 .50  20.48 61.06 17.34 59.29 23.42 69.22 14.15 54.40 
1 32.05 73.91 27.80 67.89 35.25 76.44 23.47 65.06 
2 44.66 82.59 39.83 73.19 47.16 80.65 35.03 72.12 

76.16 82.93 - 74.97 4 - 87.75 - 
78.51 6 - 89.61 - 77.21 83.71 - 

At equilibrium 73.33 93.59 70.20 79.39 85.48 85.33 68.83 80.90 
kpd 0.872 3.343 0.778 6.196 1.146 8.388 0.626 4.230 
IDe 68.13 421.69 55.25 562.36 83.75 879.27 42.74 398.58 

Predicted values from least-square line. A = acid pepsin medium. 
'Initial dissolution rate mg. hr. -1. 

B = alkaline pancreatin medium. Apparent 
second-order rate constant X 10' mg. -1hr.+. 

than 12%. The addition of low molecular weight 
polyethylene appeared to  decrease the solubility 
of the wax matrix by the alkaline pancreatin 
medium resulting in only 79.39% release at equi- 
librium. This results in a higher rate constant 
and higher initial dissolution rate. The addition 
of ethylcellulose in 2.5% concentration to the wax 
increased the release of SETD in acid pepsin medium 
slightly, as can be seen from the slightly higher 
values for the rate constant and the initial dissolu- 
tion rate. The dissolution was not very signifi- 
cantly affected, as noted by the percent of SETD 
release at the end of 2 hr. The amount of SETD 
released at equilibrium in the alkaline pancreatin 
medium was lower than the value observed with no 
modifier. This is reflected by the higher rate 
constant and higher initial dissolution rate. Under 
the microscope the spray-congealed particles con- 
taining this modifier were observed to contain 
short fibers. The presence of these fibers appeared 
t o  have a wicking effect resulting in increased 
initial release. 

The addition of 10% glyceryl esters of hydro- 
genated rosin decreased the release of drug in acid 
pepsin medium by about 9% at the end of 2 hr. 
Again, the rate constant and the initial dissolution 
rate reflect this decrease. The release was also 
observed to be more gradual in the alkaline pan- 
creatin medium with lower equilibrium value re- 
sulting in a higher rate constant and lower initial 
dissolution rate. 

Effect of Modifiers on the Dissolution Pattern of 
SETD in SETD-Hydrogenated Castor Oil Formu- 
lations-Table I1 gives the dissolution data of 
SETD-hydrogenated castor oil formulations with 

different modifiers. In general, it  can be seen as 
in the previous table, the amount of SETD released 
at equilibrium in alkaline pancreatin medium was 
higher than in acid pepsin medium. However, 
the initial dissolution rates are generally about the 
same, so that these result in lower rate constants. 
This is a very desirable feature from the standpoint 
of sustained-release formulations. The presence of 
low molecular weight polyethylene in 10% con- 
centration appeared to  retard the release of SETD 
by about 10% in acid pepsin medium and alkaline 
pancreatin medium as seen from the 1-hr. data 
and with almost no retardation in equilibrium 
values. This is well brought out in the lower 
rate constants and initial dissolution rates. It is 
conceivable that a higher concentration of low 
molecular weight polyethylene may further retard 
the initial dissolution rate, yet giving a complete 
release at the end of 6 hr. and hence warrants 
further study. 

The addition of 2.5y0 ethylcellulose also retarded 
the dissolution of drug in both acid pepsin medium 
and alkaline pancreatin medium so that a more 
uniform release resulted. This can be seen from the 
closer values of the rate constants in the two media. 

The addition of 10% glyceryl ester of hydro- 
genated rosin resulted in a release pattern similar 
to that observed in the case of product containing 
2.5y0 ethylcellulose. The initial dissolution rate 
and the equilibrium values in acid pepsin medium 
were lower than with ethylcellulose resulting in a 
rate constant that was slightly higher than with 
ethylcellulose products. The initial dissolution rate 
and the rate constant in alkaline pancreatin were 
also higher. 

TABLE 11-DISSOLUTION DATAO EXPRESSED AS PERCENT SETD RELEASED 
FROM SETD-HYDROGENATED CASTOR OIL FORMULATIONS 

-W-- -WZMICI- -W&~Z~P.K- -W~M~OIQ-- 
Time, hr. Ab B C  A B A B A B 

0.25 25.34 27.29 16.3 20.10 16.56 22.85 13.09 25.62 
0.50 37.38 42.75 26.76 33.27 26.84 35.93 21.53 38.88 
1 49.04 59.65 39.29 49.48 38.93 50.36 31.75 52.47 
2 58.10 74.34 51.28 65.42 42.78 63.01 41.63 63.57 
4 - 80.99 - 77.98 - 72.06 - 71.10 

74.02 6 - 84.78 - 83.31 - 75.68 - 
Atequilibrium 71.29 98.63 73.83 96.50 70.80 84.14 60.45 80.64 
kzd 2.580 1.293 1.283 0.909 1.221 1.476 1.525 1.924 
IDe 188.82 181.11 100.76 121.88 103.77 150.54 80.24 180.22 

~ _ _ _ _ _ _ _  

Predicted values from least-square line. A - acid pepsin medium. 
'Initial dissolution rate mg. hr. -I .  

B = alkaline pancrestin medium. Apparent 
second-order rate constant X 102 mg.-l hr. -1. 
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TABLE 111-DISSOLUTION  DATA^ EXPRESSED AS PERCENT SETD 
FROM SETD-SYNTHETIC WAX-LIKE ESTER FORMULATIONS 

7 - W -  -W&~I~IQ-- -WaM?Cc.s- -W&faclo-- 
Time, hr. A) B C  A B A B A B 

0.25 10.83 23.5 2.49 5.24 14.59 29.90 16.07 37.21 
0.50 18.74 36.08 4.62 9.90 24.03 44.19 26.38 53.99 
1 29.53 49.26 8.09 17.85 35.52 58.06 38.86 69.71 

68.87 50.99 81.59 
- 89.19 

41.46 60.27 12.95 29.80 46.67 

- 92.04 
- 67.85 - 44.78 - 75.94 

2 

6 - 70.82 - 53.80 - 78.62 
4 

A t  equilibrium 69.60 77.61 32.42 90.10 68.05 83.04 88.49 98.35 
kid 0.883 1.865 0.854 0.228 1.337 1.463 1.260 2.063 
IDe 61.58 161.81 12.93 26.71 89.17 222.02 98.61 287.36 

A = acid pepsin medium. 
Initial dissolution rate mg.hr. -1. 

a Predicted values from least-square line. 
second-order rate constant X lO*mg.-'hr.-'. 

B = alkaline pancreatin medium. Apparent 

Effect of Modifiers on the Dissolution Pattern of 
SETD in SETD-Synthetic Wax-like Ester Formu- 
lations-Table I11 gives the dissolution data of 
SETD-synthetic wax-like ester formulations with 
different modifiers. Here again, in general, the 
release of SETD was observed to be higher in the 
alkaline pancreatin medium than in the acid pepsin 
medium. The release in acid pepsin medium with- 
out modifier was about 41% in 2 hr. This was 
observed to be similar to the release pattern of 
carnauba wax. The rate constants and initial 
dissolution rates were also close. The release in 
alkaline pancreatin medium was, compared to  the 
other two waxes, less complete being only about 700/, 
a t  the end of 6 hr. This is reflected in a compara- 
tively higher rate constant even though the initial 
dissolution rate is fairly low. 

The addition of 10% low molecular weight poly- 
ethylene retarded the release of SETD in acid 
pepsin medium to about 13y0 in 2 hr. and about 
54% in alkaline pancreatin medium in 6 hr. The 
retardation can also be seen in the lower values for 
the rate constant and initial dissolution rate. 

The addition of 2.5% ethylcellulose to  the syn- 
thetic wax-like ester increased the amount of SETD 
released by about 5% in 2 hr. in acid pepsin medium. 
The increase in release in alkaline pancreatin medium 
was also similar. These are also noticed by the 
higher rate constant in acid pepsin medium and 
higher initial dissolution rate in alkaline pancreatin 
medium. 

The presence of 10% glyceryl ester of hydro- 
genated rosin in synthetic wax-like ester formulation 
resulted in more complete release in acid pepsin 
and alkaline pancreatin media as noticed by slightly 
higher rate constants and higher initial dissolution 
rates. 

The analysis of the dissolution data reveals that 
for a good sustained-release effect from formula- 
tions such as spray-congealed particles for dissolu- 
tion, the rate constant should be small and fairly 
unaffected by the pH or composition of the medium. 
They should also possess small initial dissolution 
rates and high equilibrium values. The purpose 
of this investiation has been, in addition to studying 
the effect of modifiers on SETD-wax formulations, 
to gain some insight into some of the factors con- 
trolling the dissolution process. 

SUMMARY A N D  CONCLUSIONS 

1. Atomization through the use of pncuniatic 
nozzle and siphon tube was found to provide dis- 

cretely formed, apparently nonporous spheres 
which possessed a log-normal particle-size distribu- 
tion. These were observed to be characteristic for 
a particular wax formulation. The addition of low 
molecular weight polyethylene was observed to in- 
crease the geometric weight mean diameter of the 
particles significantly for all the wax formulations. 
The geometric weight mean diameter was unaffected 
by the addition of ethylcellulose and glyceryl 
ester of hydrogenated rosin in the concentration 
used in this investigation. 

2. The release pattern from drug-wax particles 
appears to  be second order, being a function of the 
amount of drug remaining undissolved and the 
effective surface area of the drug particles, thus 
agreeing basically with the Noyes-Whitney equation 
for dissolution. 

3. The release rates from SETD-carnauba wax 
formulations were generally observed to be higher 
in the alkaline pancreatin than in acid pepsin 
medium. The addition of 10% low molecular 
weight polyethylene and 10% glyceryl ester of 
hydrogenated rosin reduced the initial dissolution 
rates and the value of the second-order rate constant 
in acid pepsin medium. The rate constant and the 
initial dissolution rates were higher in the alkaline 
pancreatin medium. The addition of 2.5% ethyl 
cellulose increased the initial dissolution rate and 
the rate constants in acid pepsin medium and 
alkaline pancreatin medium. 

4. The second-order rate constant for SETD- 
hydrogenated castor oil formulation was lower in 
alkaline pancreatin medium than in acid pepsin 
medium as a result of more complete release at 
equilibrium in the former medium. However, the 
initial dissolution rates were almost the same in 
both media. The addition of 10% low molecular 
weight polyethylene tended to bring the values for 
the rate constants in both the media closer to  each 
other. The initial dissolution rates were also much 
reduced as compared to the product containing no 
modifier. The release value at equilibrium in alka- 
line pancreatin medium was also noted to be more 
than 96%. The addition of 2.5y0 ethylcellulose and 
10% glyceryl ester of hydrogenated rosin also de- 
creased the value of the rate constants and the 
initial dissolution rate in acid pepsin medium. The 
rate constants were higher in alkaline pancreatin 
medium. The initial dissolution rate for the product 
with ethylcellulose was slightly reduced while i t  
was essentially the same for the product with 
glyceryl esters of hydrogenated rosin. 
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5. The release rates of SETD from SETD- 
synthetic wax-like ester formulations were higher 
in the alkaline pancreatin medium than in the acid 
pepsin medium. The initial dissolution rates and 
the rate constants were also similarly affected. The 
addition of 10% low molecular weight polyethylene 
decreased the dissolution rate in alkaline pan- 
creatin medium considerably. The initial dissolu- 
tion rates in both the acid and alkaline medium 
were also considerably reduced. The addition of 
2.5% ethylcellulose resulted in higher initial dis- 
solution rates with the values of the rate constants 
also higher and closer to each other. The addition 
of 10% glyceryl ester of hydrogenated rosin in- 
creased the initial dissolution rates and the values of 
the rate constants. 

The analysis of the data suggests that for a 
good sustained-release effect from formulations 
such as spray-congealed particles, the rate constants 
should be small and independent of pH and com- 
position of the medium with low initial dissolution 
rates and high equilibrium values in alkaline 
pancreatin medium. This investigation attempted 
to  gain some insight in that direction. 

6. 
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and Properties of Some Relatives 
of Noscapine 

SAM, A. V. LOPEZ*, and R. M. SHAFIK 

Fusion of phenylacetic acids with phthalic anhydrides resulted in the formation of 
benzylidenephthalides. Ammonolysis of the phthalides yielded 3-hydroxy-3- 
benzylphthalimidines which were easily dehydrated to 3-benzylidenephthalimidines. 
Bromination of 3-hydroxy-3-benzylphth~limidine with N-bromosuccinimide 
yielded 3- (a-bromobenzylidene)phthalimidine. Reaction of the latter with pyrroli- 
dine gave the a-pyrrolidino derivative which on treatment with dilute hydrochloric 
acid resulted in 3-(a-hydroxybenzylidene)phthalimidine. Treatment of tetra- 
halobenzylidenephthalides with sodium methoxide produced 1,3-indandione 

derivatives. Mild sedative properties were noticed in  compounds tested. 

OSCAPINE (I), formerly known as narcotine 
(l), is the most abundant of the opium 

alkaloids after morphine. Despite the fact tha t  
it comes from a plant rich in  narcotic alkaloids i t  
possesses none of the undesirable effects of 

N 
narcotics; however, it possesses mild central 

erine (2). Winter and Flataker (3) during 
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nervous system activity similar to that of papav- 

their search for 
tha t  noscapine was very effective in this respect. 
Further studies (4, 6 )  showed that in addition to 

April 1967. its central effect noscapine also has bronchodikd- 
Pharmacy, Atlanta, Georgia. tion activity. These factors prompted the in- 


