
As stated earlier, this reduction seems to take place through an intermediate 
(BHf), which disappears quickly with the complete reduction of the double 
bonds at the potentials at which the polarographic wave is detected. Thep-  
chlorophenyl substituent in chloroguanidc scems to be transformed into a state 
of reduced electron delocaliiration with respect to the other biguanides. Perhaps 
as is the case in the solid state (14), the monoprotonated molecule-cation, 
(BH+), which exists at physiological pH in  solution, is present as a result of 
a certain independence of the guanidine groups. as occurs with other efficient 
antimalarial drugs which show the independent imine groups (3 I ) .  

The polarographic method can be applied for the analytical determination 
of chloroguanide at  pH 3-7 in buffered media. The plots of id uersus C give 
linear calibrations at 10-s-5 X lo-? M concentrations. For example, a t  pH 
5.01: i&A) = (4.25 X lo3) - C (mol L-‘)(SD = 5 X lo-’), 

The assay is rapid and has great sensitivity. The lowest sensitivity limit 
recorded is 0.05-0.1 jig.ml,-’. At 7 = 0.6 s the limit of detection is less fa- 
vorable than in conventional DC polarography because the ratio of charging 
current to faradic current increases when drop time decreases (32). 

Any substance having a half-wave potential within the range o f f  100 mV 
with respect to the of chloroguanide produces an overlapping of both 
waves. Also, the presence of gelatin, Triton X-100. or another strongly ab- 
sorbable substance on the DME produces interferences since the chloroguanide 
electroreduction is a heterogeneous process. 
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Abstract 0 Conventional hard gelatin capsules were made GI-tract resistant 
by formalin vapor treatment. The residual formalin content was 80 &capsule 
24 h after treatment. which decreased with increased storage time. An in uitro 
GI-tract resistance test was performed by exposing the capsules to simulated 
gastric fluid for 4 h and then to simulated intestinal fluid for 4 h at 37OC. The 
resistance was further confirmed by in uiuo X-ray studies in human volunteers. 
Minute pores were drilled on the hardened shells of the capsules with a carbon 
dioxide gas laser. This permitted the slow passage of the eficapsulated tetra- 

cycline hydrochloride when subjected to 0.1 M HCI in in uitro dissolution 
studies. In uitro drug release from these capsules followed zero-order kinetics 
after an initial lag period of 30 min. The factors influencing the inuitro release 
rate of tetracycline hydrochloride from these capsules are discussed. 

Keyphrases 0 Gelatin capsules-drug release, GI-tract resistance, laser-drilled 
design 0 Laser-drilled capsules-drug release, GI-tract resistance, X-ray 
studies 

The potential application of the laser in the fields of com- 
munication, industry, military science, chemistry, biology, and 
medicine has been well established and well documented (1 ) .  
The possible use of the laser in designing a controlled-release 
capsule dosage form has been recently reported (2). Theeuwes 
et al. (3) reported the use of automated laser drilling in making 

exit pores for indomethacin in the design of an elementary 
osmotic pump. 

Conventional hard-gelatin capsules normally disintegrate 
rapidly and the encapsulated drug exhibits a cube-root disso- 
lution pattern (4). Exposure to formalin vapors causes the 
cross-linkage of the gelatin molecule, resulting in an unpre- 
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dictable decrease in solubility of these capsules ( 5 ) .  The ob- 
jectives of this study were: ( a )  to prepare GI-tract resistant 
hard-gelatin capsules by formalin vapor treatment and to 
confirm their resistance by in uitro and in uiuo studies; ( 6 )  to 
make minute pores on the hardened shells of the capsules by 
laser drilling to allow the contents to release slowly through 
these minute pores; (c) to report on the different factors that 
are likely to influence the in uifro drug release rate from these 
capsules. 

EXPERIMENTAL SECTION 

Preparation of GI-Tract Resistant Capsules-The conventional hard-gelatin 
capsules were exposed to formalin vapor under normal temperature and 
pressure conditions. After the vapor contact time, the capsules were dried in 
an oven at 50°C. The formalin vapor contact time and drying time were op- 
timized with respect to GI-tract resistance, residual formalin content, drilling 
requirements. physical characteristics of the capsules, etc., by trial experi- 
ments. 

Residual Formalin Conten--The analytical procedure used to determine 
the residual formalin content was based on the method of Macfadyan (6). The 
method involves the spectrocolorimetric measurement (at 490 nm) of the violet 
color produced when 1 .O mL of the sample, containing -2-3 pg of formalin 
with 9.0 mL of 0.2% (w/v) solution of chromotropic acid' in 8Wo (v/v) sulfuric 
acid, was heated on a boiling-water bath for 30 min. 

Thesample was prepared by placing one formalin-treated capsule in each 
of the three clean, dry, 20.0-mL vials containing 10.0 mL of distilled water. 
After closing with rubber stoppers and sealing with aluminum seals, the vials 
were agitated on a mechanical agitator for 1.0 h. The saturation solubility of 
the formalin capsule in 10.0 ml. of distilled water was optimized with respect 
to agitation time by trial experiments. A sample ( I  .O mL) was withdrawn from 
each vial with a syringe, and the residual formalin content was determined. 
The average content of the three vials was reported as the residual formalin 
con tent. 

In  Vitro GI-Tract Resistance Test-The studies were carried out by the 
rotating-basket method (7). A flaskcontaining 900.0 mL ofsimulated gastric 
fluid as the dissolution medium (8) was immersed in a constant-temperature 
bath at  37 f O S O C .  The empty formalin-treated capsule (with laser drilled 
pores on the body) was then inserted, and thc basket was rotated at  100 rpm 
for 4 h. At the end of 4.0 h, 900.0 mL of the simulated gastric fluid was re- 
placed by the same quantity of simulated intestinal fluid (8), and the experi- 
ment was repeated for 4.0 h. 

In Vim X-ray Studies-Two human malevolunteers (age, 27 and 29 years; 
weight, 65.5 and 7 I .5 kg.) were selected for the study. The subjects had no 
history of GI disease and neither used any medication regularly. Both vol- 
unteers were asked to abstain from alcoholic beverages for 48 h preceding each 
expcriment and fasted overnight. At 8:30 a.m. one capsule containing 250.0 
mg of barium sulfate (band sealed with a suitable GI-tract resistant material) 
was administered orally with -25.0 mL of water. Volunteers wcre allowed 
to take food 4.0 h after administration of the capsule. X-ray photographs were 
taken at 0.5, 1.0, 2.0,4.0,6.0, and 8.0 h after capsule administration. 

Laser Drilling-A CO2 (CW/pulsed) laser2 (Fig. I )  was used todrill small 
pores into the hardened shells of thc capsules. This laser can be operated in  
continuousor pulsed modes. I n  the pulsed mode, the pulse width of the laser 
can be varied from 100 ps to I s, and the frequency can be varied from I to 
lo00 pulses/s. Pulse width and frequency variations changed the diameter 
of the drilled pores and the number of drilled pores, respectively. The laser 
was internally pulsed through an electronically controlled triggcr switch. This 
type of pulsing provides a power output four to five times the average output, 
depending on the pulse width selected. This lascr system had well-insulatcd 
high-voltage terminals and an automatic switch to ground the capacitor bank 
when switching off or tripping off the power supply; the power supply and the 
coolant flow wcre interlocked. 

In this investigation, laser-drilled capsules were studied with respect to 
variation in the number ofdrilled pores. diameter of the drilled pores, and the 
drilling pattern of the pores. To vary the number of pores, the capsule was 
mounted on a linear drive (speed, 2 mm/s). By changing the laser frequency 
and keeping the power and pulse width (220ps) constant. 25,50,75, and 100 
pores with an SD2 size distribution were drilled on thc body of the capsule shell. 

I P.B. No. 6136; Lob-Chernie. Indoaustranal Co., Bombay, India. 
50W CO2 Laser model J1.S-C-101; designed anddeveloped by Laser Division, Jyoti 

Ltd.. Baroda. India. 

Figure 1-Carbon dioxide gas laser with a linear drive. 

Table I-Pulse Widtb Variations with Corresponding Pore Size 
Distributions and Average Diameters 

Average 
Pore Diameter, 

Pore Size Pulse Width, Ctm 
Distribution US dln" dn 

S D I  100 83-88 78.50 f 1.57 
SD2 220 103.60 100.00 f 1.41 
SD7 3 00 160.20 155.00 f I .52 
S D; 420 207.80 205.00 f 1.38 

Statistical length-number mean diameter. * Geometric mean diameter from the 
probability plot ( fSD) .  

The pores were placed equidistant in three lines with an almost equal numbcr 
of pores per line. 

For the study of diameter variation, 50 drilled h r e s  with size distributions 
of SD, ,  SD2, SD,, and SDd, with an average length-number mean diameter 
(dln)  equal to83.58, 103.60, 160.20, and 207.80 pm, respectively [determined 
by the optical microscopic method (9)], wcrc obtained by varying the pulse 
width of the laser and keeping the frequency constant a t  I pulse/s (Table I). 
The variation in the pore drilling pattern was studied with 50-porecapsules 
(of SD2 distribution) on the body only and on both the cap and body. I,aser- 
drilled pores on the hardencd shells of the capsules are shown in Fig. 2. 

Factors Influencing Release Rate --GI-tract resistant capsules with 50 
laser-drilled pores (SD2 size distribution) on the body, containing tetracycline 
hydrochloride3 (as a model drug) and band sealed with GI-trdCt resistant seals, 
were used for the study. The average weight of the filled capsules was deter- 
mined by weighing 10 capsules. Friability testing of the capsules was done 
on a friabilator4 (10). The bulk density of the sample was determined by the 

Figure 2--Di/jerent sizes of laser-drilled pores on the hardened capsule 
shell. 

Synbiotics, Wadi Wadi, Baroda. India. 
Roche. 
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standard three-tap method suggested by Butler and Ransey ( I  I ) .  The particle 
size and size distribution analyses were made by the optical microscopic 
method (9), by preparing a suspension of the sample in  glycerol. 

To study the effect of diluents, capsules containing 250.0 mg of tetracycline 
hydrochloride were prepared using lactose or microcrystalline cellulose as 
diluent. Differences in bulk density bctween the drug and the diluents were 
taken into consideration when calculating the fill weight of individual cap- 
sules. 

The effect of powder properties such as particle size and distribution and 
bulk density were studied by using capsules filled with three powder samples 
with different characteristics. The original sample of tetracycline hydro- 
chloride (sample I )  was screened through a 360-mesh standard sieve; an 
oversized fraction (sample 11). and an undersized fraction, which was pul- 
verized with a pestle and mortar (sample I l l ) ,  were also used for the study. 
Tetracycline hydrochloride capsules were prepared by filling tetracycline 
hydrochloride with 2.0% talc or I .O% magnesium stearate to study the effect 
of common lubricants. , 

Saturated solutions of dioctyl sodium sulfosu~cinate~ and polysorbate 806 
in alcohol were sprayed separately on the tetracycline hydrochloride to give 
0.5% (w/w) and 1.m (w/w)  of these wetting agents uniformly distributed 
in the dried (at 40°C) tetracycline hydrochloride. These samples were used 
to study the effect of wetting agents. 

In Vitm Dissdution Rate Studies-The dissolution rate studies were carried 
out by a method similar to that used in the in oitro GI-tract resistance test. 
However, the dissolution medium was 0.1 M HCI, 5.0-mL samples were 
withdrawn at 30-min intervals and the volume of the dissolution medium was 
maintained by replacing an equal volume of the medium after each with- 
drawal. Thesamples were analyzed a t  353 nm using a spectrocolorimeter’. 

RESULTS AND DISCUSSION 

All the samples tested for in uitro GI-tract resistance showed resistance 
in both simulated gastric and intestinal fluids. The capsules remained intact 
throughout the GI tract in the X-ray studies, confirming in oiuo resistance 
in the subjects tested. Figure 3 shows the position of the capsule in the GI tract 
at 0.5, 1 .O, 2.0,4.0,6.0, and 8.0 h after the capsule was administered in one 
of the subjects. The capsule remained in the stomach for more than 1 .O h; 2.0 
h after administration, the capsule was seen in the duodenal area of the small 
intestine. The capsule was traced intact in the ileum after 4.0 h, in the colon 
after 6.0 h ,  and finally in the rectum at 8.0 h. The residual formaldehyde 
content after 24.0 h of treatment was 80 bg/capsule, which reduced to 68 and 
60 pg/capsule after 15 and 30 d of storage, respectively. 

The number of drilled pores considerably influenced the release rate of 
tetracycline hydrochloride from the capsule (Fig. 4). A plot of percentage of 

V 

I V  

Figure 3-Schemaiic representation of ihe position of the capsule in the GI 
tract (deiected by X-ray photography) after capsule administration. Key: 
(I) 0.5 h; (11) 1.0 h; (1111, 2.0 h; ( IV)  4.0 h. (V)  6.0 h; ( V l )  8.0 h. 

Doxinate; Hoescht Aktiengeselschaft, Badvilbcl, F.R.G. 
Twecn 80; Atlas Chemical Co., Wilmington, Del. ’ Model VSUZ-P C.Z. Spcctrophotometer. F.R.G. 

4 
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Figure 4-Effect of variation in number of drilled pores, n (with SD2 iype 
of size disiribuiion) on percent drug retained as a function of time. Key: ( A )  
n = 25;(B) n = SO;(C) n = 75;(D) n = 100. 

the drug retained against time indicates that the drug release follows a zero- 
order pattern after an initial lag period of 30 min in all cases. This lag period 
may be attributed to the time required for the dissolution fluid to penetrate 
the capsule, wet and dissolve the drug, and finally allow the drug to pass 
through the pores. 
The slope values werc calculated by ( 1  2): 

where tr is the slope, x is the time (in hours), and y is the percentage drug 
retained. Since the release follows zero-order kinetics, the slope represents 
the rate of the release (k,) and n indicates the number of pores drilled. The 
calculated values of kz5, k50, &,J, and klm were 3.30, 6.32, 8.92, and 
12.27%/h, respectively. The variations in number of drilled pores were in the 
ratio of 1 :2:3:4; the release rate constant. &., showed a similar ratio. This in- 
dicatb a proportionate increase in the release rate of the drug with an increase 
in the number of drilled pores ( n ) .  

The effect of pore size and size distribution on the release rate constant of 
tetracycline hydrochloride is shown in  Fig. 5 for the size distribution ranges 
S D I ,  SD2, SDj, and SD4. The statistical mean diameter of each s i 7 ~  distri- 
bution was calculated by (12): 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
HOLRS 

Figure 5-Effeci of variaiion in size disiribuiion of drilled pores on percent 
drug reiained as a function of rime. Key: (A) S D I ;  (B) SD2; (C) SD3: (Dl 
SD4. 
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Figure 6-Frequency distribution plots of dijjerent size ranges of drilled 
pores. Key: (0) S D I ;  (0) SD2; (A) SD3; (0) SD4.  

where n is the number of pores in a size range whose midpoint, d ,  is oneof the 
equivalent arithmetic. geometric, or harmonic mean diameters; p is the index 
related to size of an individual pore, since d raised to the power p = I or p = 
2 is an expression of the pore length or surface, respectively. The frequency 
with which the pores in a certain size range wcur  is expressed by ndf. When 
the frequency index has values of 0, 1. or 2 the size frequency distribution is 
expressed in terms of total number, length, or surface of pores, respectively. 
The frequency distribution and the log probability plots of S D l ,  SD2, SD3, 
and SDd pore size distributions are shown in  Figs. 6 and 7, respectively. The 
arithmetic length-number mean diameters, dln, were calculated by ( I  2): 

and were 83.58, 103.60, 160.20, and 207.80 pm. These values correlated well 
with the corresponding geometric mean diameters of 78.50. 100.00. 155.00, 
and 205.00 pm obtained from the log probability plot. The respective standard 
deviations calculated from the slops of the lines were 1.57, 1.41, 1.52, and 

Oii 0.5 

m? I I i I 

Figure I-L.ogprobability plots of dqferent size ranges of drilled pores. Key: 
(A) S D , ;  (BJ SD2; (C) SD3; (0) SD4. 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
mxlRS 

Figure 8-Influence of uariation in pattern of drilling on percent drug retained 
as a function of time. Key: (0) only body drilling: (0) cap and body 
drilling. 

1.38. The total surface'area available for the release of the drug with 50 pores 
on the body of the capsule for each of the four groups was I .lo, 1.68,4.03, and 
6.78 cm2/capsule. The calculated release rate constants indicate that the drug 
was released at  the rate of 5.04.6.32.8.96. and 10.60%/h for the respective 
release areas. The release rate followed zero-order kinetics after an initial lag 
period of 30 min in all cases, except the capsules with SD4 pore size distribution 
had no lag period. Such a deviation for larger pore sizes may be due to a de- 
crease in  the time required for the dissolution fluid to penetrate the capsule 
with a larger surface area. The capsules with pores of S D I  and SD2 size dis- 
tributions showcd a loss of <0.8%/capsule when subjected to friability tests, 
unlike the capsules with SD3 and SD4 distributions, where the loss was 
> I%/capsule. 

The variation in drilling pattern did not show statistically significant dif- 
ferences ( I  = 0.037, d = 16, p < 0.01) in release rates of the drug (Fig. 8). The 
higher standard deviations observed in  the values for cap and body drilling 
as  compared with body drilling alone may be attributed to incomplete drilling 
when the comparatively thicker cap and body surface was drilled simulta- 
neously. 

The release rate of the drug from the capsule was considerably affected by 
the powder characteristics, i .e.,  bulk density and particle size distribution, 
of the encapsulated drug samples I,  11, and 111. The bulk densities were 0.61, 
0.60, and 0.73 g/cm3. Average length number mean diameters (dln) were 
51.20, 95.74, and 23.30 pm and showed release rates of 6.32, 5.00, and 
8.1 I%/h, respectively (Fig. 9). This probably indicates an increase in release 
rate with dccrcased particle size of the encapsulated drug. The frequency 
distributions and log probability plots of the three samples are shown in Figs. 
10 and I I ,  respectively. The aforementioned statistical diameters correlated 
well with the geometric mean diameters (dg)  of 48.50. 85.0, and 17.50 pm, 
respectively, obtained from the log probability plot. The corresponding 
standard deviations calculated from each slope were 3.03, 1.67, and 2.8. 

Figures 12 and 13 show the effect of different additives on the release rate 
of the drug from the capsules. The use of lactose and microcrystalline cellulose 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
m x R S  

Figure 9-Effect of particle sire and size distribution of the encapsulated 
drug sample on percent drug retained as a function of time. Key: (A )  sample 
I ;  (B)  sample 11: (C) sample 111. 
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F w e  10--Frequency distriburion plots of diyferenl samples of powder. Key: 
(A) sample I; (B)  sample 11: (C) sample I l l .  

as diluents and magnesium stearate and talc as lubricants did not significantly 
affect the release rate of the drug. Of the two wetting agents used, dioctyl 
sodium sulfosuccinate showed a statistically significant enhancement of the 
release rate, unlike polysorbate 80 which showed some enhancement but was 
not statistically significant. Table I1 is the analysis of variance ( 1  3) to compare 
the effect of additives on the release rate of the drug. The calculated F ratio 
is higher than the F value obtained from the table ( I  3) C/I = 6, f 2  = 56. p = 

0.2 

0.5 

2t 

:::I * ; I I 

99.99 

0 50 100 150 200 
DRILL SIZE. pm 

Figure I 1-Log probability plots of different samples of powder. Key: ( A )  
sample I ;  (B) sample I I ;  (C) sample 111. 
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Figure 12-Effect of common capsule additives on percenr drug retained as 
a function o f  time. Key: (0) drug on1.v; (A) with microcrystalline cellulose; 
( 0 )  with lactose; (a) with talc; (a) with magnesium stearale. 

I I I I I I 1 I 1 
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Figure 13-Effec1 of wetting agents on percent drug retained as a function 
of time. Key: 'A) drug only; (B) with dioctyl sodium sulfosuccinate; (C) with 
polysorbate 80. 

0.05) which clearly indicates that the samples do not have the same release 
rate i.e., they are statistically different. To determine which samples arc dif- 
ferent from each other, a least-significant procedure (13) was applied; Table 
111 shows the ranked means. The calculated value of 5% allowance is 7.05 

Table 11-Analysis of Variance 

Degrees of Sum of Mean 

Among the treat- t - I = 6 3990.93 665.16 

Source of 
Variation Freedom Squares Squares F Ratio F Value" 

menis 
11.88 2.25b 

Within the treat- Zni - I = 56 3135.68 55.99 
ments 

Total N - 1 = 6 2  

From the tables. F valuc at / ,  = 6 .  d2  = 56. and p = 0.05; P - 5457.87. P2 = 
479957.48. N = 63, Zni - I = 56, and I = 7 
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Table Ill-Ranked Means. 

Magnesium Microcrystalline Dioctyl Sodium 
Drug Talc Stearate Cellulose Lactose Polysorbate 80 Sulfosuccinate 

88.48 88.70 89.10 83.54 88.38 82.78 80.53 

~ ~ ~ ~ ~~~~~~~~~ 

Any two means not underscored by the same line arc statistically significantly different; f = 2.00, S2 = 55.99. ni = 9. n = 9. degrees of freedom = 56, p = 0.05. and 5% allowance 
= 7.05. 

which indicates dioctyl sodium sulforuccinate has a statistically significant 
difference in release rate than the other additives studied (I, = 0.05. t = 2.0, 
S2 = 55.99, n ,  = 9. degrees of freedom = 56) .  

CONCLUSIONS 

GI-tract resistant hard-gelatin capsules were prepared by formalin treat- 
ment. The contents of the capsule were released slowly through minute 
laser-drilled pores. Variations in number and diameter of drilled porcs changed 
the rate of release of the drug from these capsules. Common additives like 
lactose, microcrystalline cellulose. magnesium stearate, and talc did not sig- 
nificantly affect the rate of release of the drug; neither did variations in drilling 
patterns. The presence of dioctyl sodium sulfosuccinate significantly affected 
the release rate; although polysorbate 80 enhanced the relcase, the effect was 
not statistically significant. 

The results of the present investigation clearly indicate that the technique 
of laser drilling could be successfully used in designing slow-release capsule 
dosage forms. A proportionate increase in release rate with the number of pores 
drilled and with increased average diameter of the pores suggests the possibility 
of using the laser technique to design controlled-release capsule dosage 
forms. 
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