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Capsules

PART ONE

Hard Capsules

Van HOSTETLER

-~

Mothes and Dublanc, two Frenchmen, are gen-
erally credited with the invention of the gelatin
capsule. Their patents, granted in March and
December of 1834, covered a method for pro-
ducing single-piece, olive-shaped, gelatin cap-
sules, which were closed after filling by a drop of
concentrated warm gelatin solution. The two-
piece telescoping capsule, invented by James
Murdock of London (1848), was patented in
England in 1865.

In addition to having the advantages of ele?

gance, ease of use, and portability, capsules
have become a popular dosage form because
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a wide range of colors, and they. generally pro-
vide ready availability of the contained drug
since minimal excipient and little pressure are
required to compact the material, as is necessary

in tabletting.

Capsules are not usually used for the adminis-
tration of extremely soluble materials such as
potassium chloride, potassium bromide, or
ammonium chloride since the sudden release of
such compounds in the stomach could result in
irritating concentrations. Capsules should not

Some of the material in this chapter has been retained
from the previous edition, to which Mr. J. Q. Bellard con-
tributed.
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Telescoping capsules are made principally of
gelatin blends and may contain small amounts
of certified dyes, opaquing.agents, plasticizers,
and preservatives. Capsules have been made

dlppmg oool stmnless steel mold pins into a gela-
tin solution, a process described in this chapter.
Other methods, such as centrifugal casting,
have been used, but the pin method is the only
one used in large-scale commercial production.
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Blends of bone and pork ski i -
tively high gel strength are normally used for
duces a tough, firm film, but tends to be hazy
and brittle. The pork skin gelatin contributes

plasticity and clarity to the blend, thereby reduc-
ing haze or dine

An abbreviated flowchart for the manufacture
of gelatin for use in capsules is presented in Fig-
ure 13-1.

Two recent developments have taken place in
the gelatin supply area. First, “green” (fresh)
bones are being used commercially as a source
mﬁn‘i. Aside from additional pretreat-
“mentto remove residual tissues and fat, the pro-
cessing coincides with that used for aged bones,
and the gelatins obtained are indistinguishable
from each other in practical use.

The second development is the processing of
sxt G ane® Flatt g e s B by

 techriiques essentially comparable to those for
Type A gelatins. The resulting gelatin shows an
altered isoelectric point (pH 5.5-6.0), and gen-
erally, intermediate physical characteristics for
the film. The acid extraction technique for
bones is valuable to processors of gelatin be-
cause of the decreased extraction time required.

Both of the aforementioned materials are
commercially available and are used in hard
capsule production.

v
Method of Production

The three major suppliers of empty gelatin
capsules are Eli Lilly and Company, Indianapo-
lis, IN; Capsugel, Greenwood, SC; and the R. P.
Scherer Corporation, Troy, MI. Several smaller
volume suppliers exist throughout the world,
some of which process for their own use only.

L i om-

ction consists of

T automatic dipping, spin-
A _;BP%&d :

S

e capsules. The stamlesm mold pin (Fig.
13-2), on which the capsule is formed, controls
some of the final critical dimensions of the cap-
sule, and tolerances must be held within frac-
tions of a thousandth of an inch.

One hundred and fifty pairs of these pins are
dipped, as shown in Figure 13-2, into a gelatin
sol of carefully controlled viscosity to form caps
and bodies simultaneously. As shown in Figure
13-3, the pins are usually rotated to distribute
the gelallu uniformly (1), during which time the
gelatin may be set or gelled by a blast of cool air
(2). The pins are moved through a series of con-
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10-30 hrs.
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FIG. 13-1. The process of manufacturing gelatin used in capsules.
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FIG. 13-2. Mold pin dipping.

chucks or collets. After being trimmed to exact

V Ssections

length, the cap and body sections are joined and
ejected ﬁ:Qm tbfz machine. The entlre cvcle of
ximately mi
Ihjkne&mfﬁ}mpvsule wall is controlied by
the viscosity of the gelatin solution and the
e

d time of di . Other matters critical
t e fin imensions are mold pin dimen-

sions, precise drving, and machine contro] relat-

ing to cut lengths. Precise control of drving con-
itions is essential t ultimate quality of the

cast film.

At the least, in-process controls include peri-
odic monitoring, and adjustment when required,
of film thickness, cut lengths of both cap and
body, color, and moisture content.

Recent strides have been made in several

areas to provide computer control of viscosity
(and consequent wall thickness) during either
machine operations or gelatin solution make-up.

Inspection processes—to remove imperfect
capsules—which historically have been done
visually, have recently been automated follow-
ing the development and patenting of a practical
electronic sorting mechanism by Eli Lilly and
Company. This equipment mechanically orients
the capsules and transports them past a series of
optical scanners, at which time those having
detectable visual imperfections are automati-
cally rejected.

Empty capsules are subject to size variation as
a result of moisture content variation. This can
be caused by exposure to extreme variations in
absolute humidity or elevated temperature.

FIG. 13-3. Hard capsule manufacturing machine. See text for explanation of labels 1 through 7.
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Unopened shipping containers are usually ade-
quate protection against these changes, but stor-
age in unopened containers should not be sub-
jected to temperature conditions of over 100°F.
Open storage under either high or low humidity
conditions should be minimized. Empty cap-
sules as usually received range in moisture con-
tent between 12% and 15%. Below 10% mois-
ture content, they become brittle and may
shrink to the point of not fitting into the filling

uipment. v moist

may cause siz blems in thi i ip-
ent, plu f mechanical

sure to either heat or moisture extremes can dis-

tort empty capsules to L}Mtgmghat_they
anno by automatic

ment.

Filling Equipment

At present, at least nine manufacturers of cap-
sule filling equipment are either located in or
selliffg their products within the United States.
Most of the units manufactured outside the
United States have local representatives. The
nine individual companies are:

Eli Lill 1C Indi lis. IN
Farmatic SNC, Rologna, {taly ~
ofliger an iblingen, Ge

Macofar SAS, Bologna, Italy
m Ital

Osaka, Osaka, Japan

Parke- any, Detroi
Pe | n Bay, W1
i Nigri olo

Each machine type is briefly discussed in the
following sections, but no attempt is made to
quantify or compare weight variation figures
among the various types because of obvious de-
pendence on such factors as the conditions of
the equipment, formulas, methods of operation,
* operator competence, machine rates, and sizes
of capsules. Along with suitable consideration of
all other details, adequate statistical weight
checks or the use of 100% check-weighing
should be employed to ensure compliance with
regulatory requirements.

The largest number of total machines are sup-
plied by Lilly and Parke-Davis. Since the ma-
chines of both manufacturers.have essentially
the same method of operation, only one descrip-
tion is given.

Lilly/Parke-Davis

Each of these capsule filling machines re-
quires an individual operator and may achieve a
daily output of up to 200,000 capsules.

The Lilly machine is shown in Figure 13-4.
The empty capsules are fed from the storage
hopper (1) and through the rectifying unit (2),
into the two-piece filling ring (3A and 3B). Recti-
fication is based on dimensional differences be-
tween the outside diameters of the cap and body
portions of the capsule. As the ring (3A and 3B)
is rotated, a vacuum is applied on its underside.
This vacuum seats the bodies into the lower half
of the ring, while the caps are retained in the
upper portion. The two pieces of the ring are
separated, and the cap-containing portion is
placed aside. The body-containing portion of the
ring is placed on a variable speed turntable and
is mechanically rotated under the powder hop-
per (4), which contains an auger for the forced
delivery of the powder. After one (or more) com-
plete rotations of the ring, the powder hopper (4)
is removed, and the two segments of the ring
(3A and 3B) are rejoined. The intact ring is posi-
tioned in front of the peg ring (5), and the clos-
ing plate (6) is pivoted to a position approxi-
mately 180 degrees from that shown in Figure
13-4. Pneumatic pressure is applied to the peg

FIG. 13-4. Lilly capsule filling machine. See text for ex-
planation of labels 1 through 7. (Courtesy of Eli Lilly &
Co., Indianapolis, IN.)
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ring (5), which forces the capsule body into the
cap, and the closing plate (6) holds the caps in
position. Ejection of the filled capsules from the
rings cannot occur with the plate in the closing
position. For ejection of the capsules, the pres-
sure is released, the closing plate is restored to
its original position, and the capsules are ex-
pelled through the upper portion of the ring.
Normal closing and ejection occur with the peg
ring in a vertical position, as shown in Figure
13-4, with the filled capsules being collected
through a chute (7) into a collection chamber.

In this equipment, the powder is filled to the
upper surface of the body-containing ring, and
the fill is therefore primarily volumetric. Al-
though changes in the total amount of powder
can be caused by changes in the rotational speed
of the turntable (which changes the amount of
time for which each hole is under the auger),
there is no way to produce a partially filled cap-
sule consistently. Although slower speeds usu-
ally produce less weight variation, they also usu-
ally result in heavier total fill weights, which
may not be economical because of the resultant
decrease in productivity.

Minimum total fill weights (but usually maxi-
mum weight variation) are achieved with the
highest turntable speed.

"Maximum total fill weights (but generally
minimum weight variation) are achieved at the
lowest rotational speed.

Some of the variables that must be properly
controlled in order to achieve minimum weight
variation and proper uniformity of the finished
capsules are given in the following list:

1. The body-containing ring (3A) must be flat
across its surface to avoid creating volumetric
differences from one area of the ring to an-
other.

2. The powder hopper (4) must be properly po-
sitioned during the filling operation to avoid
uneven powder distribution from the auger.
The proper location includes consideration of
both the centering of the auger over the ring
holes and the parallelism between the lower
surface of the hopper and the upper surface
of the ring.

3. Extreme variations in powder level in the fill-
ing hopper (4) can cause uneven powder
flow, resulting in excessive fill weight varia-
tion.

4. The individual rods in the peg ring must fit
the rings being used, be of uniform length,
and be perpendicular to the closing plate (6).

5. Flow properties of the powder being filled
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must be such that a constant amount of pow-
der is available for delivery from the auger.
Diluents and glidants should be selected with
this phase of the operation in mind.

Pelletized or granular materials may be readily
filled using this equipment. It is desirable to
remove the auger to avoid crushing. It may also
be desirable to perform the closing operations in
a position other than the vertical position usu-
ally used for powder. In a vertical position, pel-
lets or granules may escape from the body ring,
and this may cause damage to the capsules.

Since filling is best accomplished without an
auger in these cases, minimal change in fill
weight can be achieved by alteration of rota-
tional speed. Additional ring rotations do not
increase the fill, but usually cause actual
damage to the pellets or granules.

In addition to the semiautomatic machines
described previously, a relatively high-speed,
automatic, continuous-motion machine called
the ROTOFIL is available from Eli Lilly and
Company (Fig. 13-5). This machine is specifi-
cally designed to fill pellets.

The machine uses a rotary rectification sys-
tem, which orients the capsules into a turret.
After the capsules are seated, the blocks contain-
ing the caps are retracted, and the bodies are
gravity-filled from the recirculating bed of pel-
lets.

FIG. 13-5. Lilly ROTOFIL capsule filling machine.
(Courtesy of Eli Lilly & Co., Indianapolis, IN.)
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The excess pellets are rolled from the surface
of the turret and are transported back to the hop-
per by vacuum. The cap blocks are realigned
over the turret, and a simple continuous cam
motion provides the closing action. Filled cap-
sules are ejected by compressed air, and both
cap and body cavities are cleaned by compressed
air and vacuum prior to the next use. Fill weight
may be adjusted while the machine is in opera-
tion.

The machine is rated as filling 1200 capsules

per minute.
e

Farmatic

Farmatic offers three models of filling equip-
ment for sale: 2000/15, 2000/30, and 2000/60,
with rated outputs of up to 40,000, up to 80,000,
and up to 160,000 capsules per hour, respec-
tively. A Farmatic capsule filling machine is pre-
sented in Figure 13-6.

The machines feature continuous motion
with dosator-type powder feeding units, and are
totally enclosed for dust and noise control. Ad-
justable vacuum is used for separating the cap-

4
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FIG. 13-6. Farmatic Model 2000/60 capsule filling machine. (Courtesy of G.B. Gundi Bruno S.p.A., Bologna, Italy.)
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sules after rectification, and any defective or
unopened capsules are automatically rejected.

Powder is moved from the product hopper by a
screw conveyor to the operating tower, where its
level is continuously monitoreéd.

’Dg%__mgwi_ddmeuhﬂ_pnﬂdema
slig to the capsules. A digital display indicates
the status of the weight and compression. Ad-
justments are made externally.

The powder slug is ejected into the capsule
body, after which the capsule is closed. In the
case of a missing capsule, the slug is ejected in
such a way as to avoid its being carried into the
completed capsules. Following ejection, all
bushings are cleaned by a combination of vac-
uum and air. « .

Various options are available, including auto-
matic feeders for both capsules and powder,
counters, and automatic sampling with feedback
to the closing units to adjust incorrect weights.

Farmatic does not have U.S. representation.

Hofliger and Karg

The Hofliger and Karg (H & K) line consists
basically of four machines—Models GKF-303,
GKF-602, GKF-1500, and GKF-2500; the num-
bers represent the approximate output of filled
capsules per minute. All models can be modified
to accept powders, pellets, or tablets. In addition,
the first three models may be equipped to handle
the filling of thixotropic liquids into hard gelatin
capsules, at some reduction of output.

Labels appearing in Figure 13-7, which de-
picts H & K Model GKF-602, signify the follow-
ing: 1, empty capsule storage hopper; 2, recti-
fier; 3, bulk powder storage hopper; 4, capsule
body transport segment; 5, closing station; and
6, filled capsules ejection station.

In Models GKF-602, GKF-1500, and GKF-
2500, capsules are handled 6, 15, and 25, at one
time, according to the respective model number.
The empty capsule feed provides for the removal
of faulty capsules, and is checked by a vacuum
system, which provides a signal upon feed inter-
ruption. The rectified empty capsules are in-
serted into individual cap and body segments
bolted to the transport wheel. The segments are
then transported to the various work stations
carrying the caps and bodies. Thus, only these
segments, along with the rectifier and the
tamps, require replacement for size change.

Removal of capsule bodies to the carrier is
mechanical with a vacuum assist, to ensure gen-
tle handling of the capsules. After separation of
cap and body, the cap segment is lifted before
retraction of the segment to remove the possibil-

380 = The Theory and Practice of Industrial Pharmacy

ity of shearing off long or improperly seated bod-
1es.

Powder is auger-fed from the supply hopper to
the filling chamber, which completely sur-
rounds the filling disc and in which the powder
height is level-controlled. Tamping of powder
into the holes of the filling disc is performed at
five successive stations. Tamps are externally
adjustable at each individual station while the
machine is in operation. An additional station is
available for the insertion of tablets or pellets, so
that mixed fills can be achieved.

Safety features built into the system include
an empty capsule feed interruption signal with
automatic rejection of crushed and unjoined
capsules, and automatic clearance of empty cap-
sule feed tubes after a predetermined number of
cycles. If no body is present in the body seg-
ment, the powder is discharged through the seg-
ment into a collecting container.

Closing of filled capsules is performed in two
successive operations to allow for slower closing.
Closing is accomplished by the use of both upper
and lower closing rods.

Figure 13-8 shows Model GKF-1200/1500,
and Figure 13-9 shows Model GKF-2400.

All Hofliger and Karg machines are com-
pletely automatic and require only compressed
air and a power for operation.

Hofliger and Karg is represented in the
United States by Robert Bosch Packaging Ma-
chinery Division, Piscataway, NJ.

Macofar

The Macofar line of capsule filling equipment
consists of three models: MT-12, MT-13/1, and
MT-13/2. Model MT-12 is shown in Figure
13-10. All three models are low-to-medium-
capacity machines, ranging from 5,000 filled
capsules per hour (MT-13/1) and 10,000 cap-
sules per hour (MT-13/2) to over 35,000 cap-
sules per hour (MT-12).

All nnits are based upon a similar method of
rectification and filling. The empty capsules are
rectified into bushings in a central plate. Separa-
tion of cap from body is accomplished by vac-
uum, and the body-carrying bushings are posi-
tioned under the dosator unit.

The dosator units pick up powder to a prede-
termined level from a level-controlled powder
hopper. The powder is lightly tamped within the
dosators, following which the units are raised,
the body-carrying bushing is aligned under
them, and the powder is ejected into the open
bodies.

The body bushings are retracted to the central
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FIG. 13-7. H & K Model 602 capsule filling machine. See text for explanation of labels 1 through 6. (Courtesy of Robert
Bosch GmbH, Waiblingen, West Germany.)

plate beneath the cap blocks, and closing of the
capsule occurs. Prior to reuse, the capsule-
holding bushings are cleaned of powder by
means of air/vacuum.

Various filling options are available for materi-
als other than powders.

The distributor for Macofar in the United
States is Production Equipment, Inc., Rochelle
Park, NJ.

mG2

Five models of continuous-motion filling ma-
chines are currently offered by mG2. Model

g

(G36/4 is rated at 150 capsules per minute, G36/2
at 300, G36 at 600, G37N at 1600, and G38 at
1000. All models utilize the same general meth-
ods for both powder and capsule handling. In
the following section, Models G36, G37N, and
(38 are briefly discussed.

The following identifications apply to the la-
bels in the illustration of Model G36 (Fig. 13-
11): 1, empty capsule hopper and rectifier; 2,
cap holder removal station; 3, cleaning station;
4, powder dosing head; 5, bulk powder hopper;
6, cap holder replacing station; 7, capsule clos-
ing and ejection station.

In Model G36, the capsules are fed from the

capsuULEs = 381
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FIG. 13-8. K & K Model 1200/1500 capsule filling ma-
chine. (Courtesy of Robert Bosch GmbH, Waiblingen, West
Germany.)

storage hopper through individual tubes and
rectified (1) into individual two-piece side hold-
ers on a continuous chain. The capsules are sep-
arated within the two-piece holders by applying
vacuum to the lower portion, which pulls the
body into it while the cap is retained in the
upper holder. As the chain and retaining blocks
progress through the cycle, the cap-containing
upper holder (2) is moved aside to a recess at the
outer end of the conveying holder, exposing the
lower holder containing the body. The powder is
continuously mixed within the powder hopper
(5) and is maintained at a constant level prior to
discharge. The body-carrying units now are car-
ried under a series of 12 volumetric dosing noz-
zles (4), each of which picks up the product from
a rotating container, first compressing and then
ejecting the powder into the capsule bodies. Pre-
cise weight adjustments may be made simulta-
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neously to all dosing units while the machine is
in operation. The cap container is repositioned
over the body block (6), and closing is accom-
plished by both upper and lower closing pins (7).
Ejection is accomplished by compressed air.

Each station is equipped with a safety device
that automatically stops the machine in the
event of an irregularity. Capsule carrying hold-
ers are cleaned by air prior to being returned to
the rectifier station.

Model G37 has recently been modified
(G37N) to provide several new and/or improved
features: the handling of empty capsules has
been improved, the powder handling system has
been modified to lessen powder dusting, several
noise-reduction features have been incorpo-
rated, and both cleanup and size changing have
been simplified. Adjustments of weight control
and powder compression can be made externally
while the unit is operating.

Model G37N, shown in Figure 13-12, is a con-
tinuous-motion turret machine that provides
approximately two and one-half times the filling
rate of the G36. As indicated previously, it also
employs a different capsule handling mecha-
nism. It is composed of two main units. The first
unit provides capsule feeding, rectifying, and
opening in a manner similar to that of the G386,
but with a greater number of elements. The sec-
ond unit provides capsule separation, dosage,
closure, and ejection. The higher output is ob-
tained by providing 40 dosing nozzles and 40
pairs of capsule transfer holders. Dosage adjust-
ment is the same as for Model G386, providing
simultaneous control of the position of all dosing
pistons.

Model G38 (Fig. 13-13) is a newly introduced
machine that is slightly slower than the G37N
(with 20 filling tubes versus 40), but is totally
enclosed. As with the G37N, all weight adjust-
ments can be made through external contiols
with the machine in operation. Several features
have been added to allow machine jogging,
powder-level control, and photoelectric shutoff
(if more than three successive unopened cap-
sules are encountered), as well as automatic
ejection of certain other empty capsule defects.

All mG2 models either run or can be fitted
with attachments to allow them to run with pow-
ders, granules, or pellets. Models G37N and G38
can be supplied with auxiliary equipment to pro-
vide for presorting of the empty capsules, auto-
matic sampling of filled capsules, and an inspec-
tion unit, based upon weight, for filled capsules.

The representative for mG2 in the United
States is Supermatic Packaging Machinery, Inc.,
Fairfield, NJ.
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FIG. 13-9. H & K Model 2400 capsule filling machine. (Courtesy of Robert Bosch GmbH, Waiblingen, West Germany.)

Osaka

The Osaka filling machine is a high-capacity,
continuous-motion machine recently introduced
in the United States. The only model currently
available is the R-180 (Fig. 13-14), which has a
rated capacity of 70,000 to 165,000 capsules per
hour. The unit handles either powder or granu-
lar materials.

The unit is totally enclosed, with external ac-
cess to the capsule and powder hoppers.

The powder-filling principle utilized is unique
in that vibration is used to move the powder
from the powder hopper to powder shoes and
from the powder shoes into the capsule bodies.
Capsule bodies pass under the powder-filling
area, in two rows. Each row is fed by two vibra-
tory units. The vibrators are externally con-
trolled so that fill-weight adjustments can be
made during machine operation. Because of this

method of powder feed, correct powder formula-
tions are essential, and limitations exist in the
possible amounts with which to fill a given size
capsule.

Provision is made to remove unjoined cap-
sules during the rectification process and empty
or broken capsules after filling.

The Osaka equipment can be supplemented
with several pieces of auxiliary equipment, in-
cluding a cleaner/polisher unit that has a rated
capacity of up to 400,000 capsules per hour.

The Osaka distributor in the United States is
the Sharples-Stokes Division of the Pennwalt
Corporation, Warminster, PA.

Perry
The Model CF ACCOFIL machine offered by
Perry utilizes the well-established ACCOFIL
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FIG. 13-10. Macofar Model MT-12 capsule filling ma-
chine. (Courtesy of Macofar, Bologna, Italy.}

method of powder dose control, which is unique
in capsule filling (Fig. 13-15). The machine is a
continuous-motion rotary machine with a rated
output of up to about 60,000 capsules per hour;
it fills powder mixtures only.

Capsules are rectified from 24 vertical tubes,
and are cammed into a body downward position
in a plate, from which they are dropped with a
vacuum assist into a conveyor chain of two
parts, the lower containing the bodies and the
upper containing the caps. A sensor system is
present, which provides for rejection of un-
separated capsules and prevents ejection of pow-
der in the absence of a capsule body. The cap-
containing portion is caused to swing away from
the body portion by a guide rail. Filling is accom-
plished while the cap links are displaced, follow-
ing which the chain links are repositioned over
each other.

Powder is supplied from a bulk supply hopper
to a powder pan via a screw feeder. The level in
the pan is controlled to a constant level. In the
continuously rotating powder turret, 24 verti-
cally operating, cam-controlled empty needles
are immersed into the powder, and a vacuum is
applied, sucking the powder up (in a predeter-
mined amount) into the needle. Excess powder
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is doctored from the sides and tips of the nee-
dles. The vacuum is held as the needle is posi-
tioned over an empty body, at which time the
vacuum is broken and a light surge of air is ap-
plied to expel the powder.

Following filling, the chain links are properly
realigned, and the body is moved into the cap by
the slow cam action of the 24 closing pins. Fol-
lowing closing, the capsule is ejected by air from
the conveyor, at which time it is counted, and
the count is recorded by a digital readout on the
front panel. Cleaning of all bushings, as well as
the powder needles, is accomplished by high-
pressure air.

The Model CF ACCOFIL machine is available
through Perry Industries, Inc., Green Bay, WI.

Zanasi

The line of Zanasi equipment currently avail-
able includes nine different units in four model
lines. With suitable change parts, all may be
capable of handling powders, pellets, or tablets.
Some models may be purchased with attach-
ments to allow the insertion of smaller capsules,
and some may be capable of paste or liquid fill-

ing.

Two models, the LZ-64 (Fig. 13-16) and
AZ-20 (Fig. 13-17), retain the familiar intermit-
tent operation of past Zanasi machines. The
LZ-64 is rated at about 4,000 capsules per hour,
while the AZ-20 speed is variable—from approx-
imately 9,000 to 20,000 capsules per hour.

Two newer series consist of continuous-
motion machines, but retain the dosator princi-
ple. The BZ series consists of four machines:
BZ-40 (30,000/hour), BZ-72 (80,000/hour),
BZ-110 (110,000/hour), and BZ-150 (150,000/
hour). The BZ-40 and BZ-72 can handle pow-
ders, pellets, and tablets, while the BZ-110 han-
dles only powders and granules. The BZ-150
handles powders only. A variety of auxiliary
equipment is available with the BZ series of
machines, including an empty capsule
presorter, a powder recovery system, a filled-
capsule sampling system, and a check weighing
system.

Zanasi's newest series is the Z-5000 (Fig.
13-18), consisting of the Z-5000-R1, rated at up
to 70,000 capsules per hour; the Z-5000-R2,
rated at up to 110,000 capsules per hour; and
the Z-5000-R3, rated at up to 150,000 capsules
per hour. With change parts, all are capable of
filling powders, granules, and tablets. Special
attention has been paid to safety devices and
acoustical treatments for operator protection.

Zanasi equipment is available in the United
States from Z-Packaging Systems, Monsey, NY.
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FIG. 13-11. mG2 Model G36 capsule filling machine. See text for explanation of labels 1 through 7. (Courtesy of mG2
Macchine Automatiche, Bologna, Italy.)

FIG. 13-12. mG2 Model G37N capsule filling machine. (Courtesy of mG2 Macchine Automatiche, Bologna, Italy.)
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FIG. 13-13. mG2 Model G38 capsule filling machine. (Courtesy of mG2 Macchine Automatiche, Bologna, Italy.)

Filling Operations

from size O, the largest, to size 5, the smallest.
Size 00 capsules may occasionally be required
because of the volume of material to be filled
but this size i ially i

volume. Although capsules change dimensions
to some extent with varied moisture content and

TasLE 13-1. Filling Capacity of Empty Capsules

conditions encountered before use, Table 13-1
gives an approximation of the volume that may
be contained in the various sizes, along with the
amounts of some powders that can be contained
in these sizes. The powder weights listed are
approximate and vary with the amount of pres-
sure employed in hand filling, or with the type of
equipment utilized in machine filling.

Much consideration should be given to tech-
niques for handling and storage of empty cap-
sules in any production facility. This is of great

Approx. Acetyl-
Capsule Volume Quinine Sodium salicylic Bismuth
Size (ml) Sulfate (g) Bicarbonate (g) Acid (g) Submitrate (g)
0 0.75 0.33 0.68 0.55 0.8
1 0.55 0.23 0.55 0.33 0.65
2 0.4 0.2 0.4 0.25 0.55
3 0.3 0.12 0.33 0.2 0.4
4 0.25 0.1 0.25 0.15 0.25
5 0.15 0.07 0.12 0.1 0.12
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FIG. 13-15. Perry Model CF ACCOFIL capsule filling machine. ( Courtesy of Perry Industries, Green Bay, WL)
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FIG. 13-16. Zanasi Model LZ-64 capsule filling machine.
(Courtesy of Zanasi, S.p.A., Bologna, Italy.)

importance when use rates are high, as when
high-speed filling equipment is used.

Capsules as received from the supplier gener-
ally have moisture content between 12 and 15%,
and these levels are maintained during storage
in the original container. Storage under high-
_ temperature conditions (above 100°F) must not

“be prolonged. Exposure to extremely high or ex-
tremely low humidity conditions for extended
periods after the containers are opened causes
the capsules to either gain or lose moisture. At
high moisture levels, the capsules absorb mois-
ture, and may soften and become tacky. In se-
vere cases, the capsules may absorb sufficient
moisture to cause them to deform under their
own weight. At low moisture levels, they become
brittle and suffer dimensional changes, which
may cause handling problems in the filling
equipment.

Regarding the empty capsules only, handling
is ideally carried on in areas within the relative
humidity range of approximately 30 to 45%,
since major moisture content changes do not
occur within these limits. If conditions drier
than these are necessitated because of the in-
gredients being filled, exposures of the empty
capsules prior to filling should be minimized.
Strong consideration should be given to the use
of air-conditioned facilities to control both tem-
peratures and humidity when high-speed filling
equipment is being operated.

Formulations
The problcms encguntered in handling pow-

ders durin d auons are

diverse as u but com-
M@gh@m&mﬂcm&mmm&g

all types of filling equipment, certain machines

themselves represent unigue situations. Among

the general pro W j e

listed,

1. After the powder ingredients have been
homogeneously blended by any suitable tech-

nique, the flow of the resultant mixture must be
: t delivery of cient powder
to the s at th of filling, De-mixin

must not occur during the powder handling in

uipment itself.

LEh;cSical in gxzmpgtlblhnﬁ between active

ctiv

u@ﬂmﬁﬂﬂuﬂﬂuﬂﬁ@@&ﬁﬂ@l

The capsule seldom contains only the active
ingredient(s); most capsule formulations require
the use of some diluent material. Because of the
wide range of materials encapsulated, no at-
tempt can be made to outline specific criteria for
the choice of suitable dlluents The followmg are

E

g. In the case of Zanasi,

"Macofar, Farmatic, and mG2 equipment, the

powder must have sufficient cohesiveness to
retain its slug form during delivery to the cap-
sules. For example, when one is filling with ace-
tylsalicylic acid, an excipient such as a flowable
comnstarch allows filling in the former case,
whereas compactible excipients such as micro-
crystalline cellulose are required in the latter
case. In all cases, the powder mixture must re-
tain its homogeneous composition without
de-mixing during the machine handling opera-
tions. Lubricants, such as a metallic stearate,
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FIG. 13-17. Zanasi Model AZ-20 capsule filling machine. (Courtesy of Zanasi, S.p.A., Bologna, Italy.)

may be used in the former case; binders, such as
mineral oil, are sometimes used in the latter.
Particle sizes and powder densities of all ingredi-
ents should be matched as closely as possible to
assist in the prevention of de-mixing.
2._Potential incompatibilities should be antic-

ipated with each new mixture of materials. Re-
X ] ] | humiditi
should be studied, for effects not only on the

contained powder mixture, but also on the gela-
tin capsules. Studies such as these should in-
clude an evaluation in the presence of probable
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FIG. 13-18. Zanasi Model Z-5000 capsule filling machine. (Courtesy of Zanasi, S.p.A., Bologna, Italy.)

packaging materials. Evaluation of any test pro-
cedure should be based on sound statistical
techniques.

3. The choice of excipients should be made
with a view toward current Food and Drug Ad-
ministration (FDA) regulations as they apply to
Investigational New Drug and New Drug appli-
cations. Any applicable foreign regulations also
should be considered. Some materials that may
be useful als_gﬂm are bentonite, calcium
carbonate, Jactose, mannitol, magnesium car-
bonate, magnesium oxide, silica gel, starch, talc,
and tapioca powder.

it is

“desirable for any reason to consider

materials other than the aforementioned, first
consideration should be given to materials that
are given a “Generally Recognized As Safe” des-
ignation by the FDA. Obtaining approval of ma-
terials that are not in this category can be an
expensive and time-consuming process, al-
though there are occasions when it cannot be
avoided.

Materials that may be considered for improve-
ment of flow characteristics (glidants and/or lu-
bricants, as indicated earlier) may include the
following: glycol esters, silicones, silicon diox-
ide, metallic stearates, stearic acid, and talc.

Qils that may be considered for use in assist-
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ing in the control of dusting, as well as in provid-
ing additional cohesiveness to a powder mix,
couid include any inert, edible, FDA-approved
material.

Th inati ilue;
be used is based on (1) the total amount of mate-
rial t 0SSs] i in
relation to the amount of active ingredients to be
suppli : ' : ts of
lubri i i
orle Experimentation with

the actual materials is the only positive way to
artive at these figures.

Serious consideration should be given to the
choice of suitable control procedures for the fill-
ing operations. In addition, it may be desirable to
provide 100% weight checking after filling. The
control procedures must ensure that the fin-
ished, filled capsules meet the appropriate cur-
rent regulatory tests, e.g., weight variation, cen-
tent uniformity, solubility, and/or disintegration#

rrent legal Tequirement§ should be ade-
quately explored since there are wide differ-
ences between countries. The weight variation
test in USP XX has been replaceg,ufUSP XXI
with the Uniformity of Dosage Units Tests
However, the weight variation test, as official in
USP XX, is still useful in machine set-up and
evaluation.

The weight variation test defined by USP XX
is a sequential test, in which 20 intact capsules
are individually weighed and the average weight
is determined. The test requirements are met if
none of the individual weights are less than
90%, or more than 110%, of the average. €
origin ) hese criteria, the indi-
vidual net weights are determined. These are
averaged, and differences are determined be-
tween each individual net content and the aver-
age. The test requirements are met (1) if not
more than two of the individual differences are
greater than 10% of the average, or (2) if in no
case any difference is greater than 25%.

If more than 2 but less than 6 net weights de-
termined by the test deviate by more than 10%
but less than 25%. the net contents are deter-
mined for an additional 40 capsules, and the
average is calculated for the entire 60 capsules.

“Sixty deviations from the new average are calcu-
lated. The requirements are met (1) if the differ-
ence does not exceed 10% of the average in
more than 6 of the 60 capsules, and (2) if in no
case any difference exceeds 25%.

“Two new pieces of equipment determine the
weight of individual capsules, providing for the
automatic rejection of overfilled and underfilled
capsules. These machines may be used in-line

392 = The Theory and Practice of Industrial Pharmacy

to reclaim portions of a batch as it is processed,
or off-line to weigh and sort a complete batch
that has been shown statistically to have unac-
ceptable weight variation.

The ROTOWEIGH is a high-speed capsule
weighing machine sold by Eli Lilly and Com-
pany (Fig. 13-19). The capsules are gravity-fed
onto vacuum pins for presentation to a unique
weight detection system, which measures the
reflected energy (backscatter) of a low power
x:ray beam directed at each capsule. This re-
flected energy is proportional to the weight of
the. filled capsule, permitting automatic rejec-
tion of any individual capsule above or below
preset weights. The machine operates at 73,000
capsules per hour, and its accuracy is more than
adequate to assure compliance with the USP
weight requirements.

The second unit is the Vericap 1200 machine
(Fig. 13-20), which is sold by Modern Controls,
Int; River, MN. It operates by detecting
capacitance variation as filled capsules are pro-
pelled at high speed by compressed air between
two charged plates. The measured change in
dielectric constant thus produced is correlated to
the weight of the capsule. Capsules that are
overweight or underweight are then automati-
cally separated from the acceptable capsules.
The machine operates at a rate of 73,000 cap-
sules per hour.

A second test in USP XX that may apply to
capsules is that for content uniformity, which is
performed when specified by individual mono-
graphs. In this case, 30 capsules are selected, 10
of which are assayed by the specified procedure.
The requirements are met if 9 of the 10 are
within the specified potency range of 85 to
115%, and the tenth is not putside 75 to 125%.

If more than 1, but less than 3, of the first 10
capsules fall outside the 85 to 115% limits, the
remaining 20 are assayed. The requirements are
met if all 30 capsules are within 75 to 125% of
the specified potency range, and not less than 27
of the 30 are within the 85 to 115% range.

Broad generalizations about stability test pro-
grams cannot be made, since the question has to
be answered according to each user’s criteria.
The tests should be based on adequate statistical
design, however, and should include evaluation
of not only active ingredient stability, but also
visual and mechanical aspects of the finished
dosage form. These tests must include extended
storage at various elevated temperatures with
different humidity levels. Tests should include
the filled capsules, both by themselves and in
the presence of all contemplated packaging ma-
terials.
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Bulk Capsule
Hopper

Finished capsules from all filling equipment
require some sort of dusting and/or polishing
operation before the remaining operations of
inspection, bottling, and labeling are completed.
Dusting or polishing operations vary according
to the type of filling equipment used, the type of
powder used for filling, and the individual de-
sires for the finished appearance of the com-
pleted capsules. The following are the methods
most commonly used, based on desired output,
formulation, required final appearance, and
S0 on.

Control

= AT D e B =
FIG. 13-19. ROTOWEIGH capsule weighing machine. (Courtesy of Eli Lilly & Co., Indianapolis, IN.)

AR AR >

1. Pan polishing. Because of its unique design
(irimarily o § of airflow), the Accela-
i a used to dust and
. A polyurethane or cheese cloth
lifier 1s placed in the pan, and the Liner is used to
trap the removed dust as well as to impart a gloss
to the capsules.
2. Cloth_dusting. In this method, the bulk-
i may
or may not be impregnated with an inert oil.
This procedure is a hand operation, but one that
can handle reasonable volumes, and that results
in a positive method for removal of resistant
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FIG, 13-20. Vericap 1200 capsule weighing machine. (Courtesy of Modern Controls, Elk River, MN.)

materials. In addition, it imparts a somewhat
improved gloss to the capsules.

3. Brushing. In this procedure, capsules are
fed under rotating soft brushes, which serve to
remove the dust from the capsule shell. This
operation must be accompanied by a vacuuming
for dust removal. Some materials are extremely
difficult to remove by brushing, even to the
point of impregnating the brushes and causing
scratches or deformation of the capsules.

Commercial capsule sort/polish equipment
has become available. Some of the units, in addi-
tion to the Accela-Cota pan, are as follows.

ROTOSORT is a new filled capsule sorting
machine sold by Eli Lilly and Company (Fig.

~T13-21). It is a mechanical sorting device that
removes loose powder, unfilled joined capsules,
filled or unfilled bodies, and loose caps. It can
handle up to 130,000 capsules per hour, and it
can run directly off a filling machine or be used
separately.
The Erweka KEA dedusting and polishing
rachine for hard gelatin capsules is sold in the
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tesy of Eli Lilly & Co., Indianapolis, IN.)

FIG. 13-21. ROTOSORT capsule sorting machine. (Cour-
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United States by Key Industries, Englishtown,
NJ (Fig. 13-22). The unit is designed to handle
the output from any capsule filling machine. It
moves the capsules between soft plastic tassels
against a perforated plastic sleeve, under vac-
uum. Any residual powder is removed by the
vacuum,.

Seidenader Equipment, Totowa, NJ, offers
two units that may be used separately or may be
combined in the finishing of filled gelatin cap-
sules. A belt is available that presents capsules
for visual inspection, and it may include a vac-
uum system to automatically remove unfilled
capsules. Cleaning and polishing machine
PM60 (Fig. 13-23) may be used to polish fin-
ished capsules. It consists of two lamb’s wool
belts moving in opposite directions. The cap-
sules are carried on the lower belt, and both belts
are under suction.

Special Techni

Some special techniques that may be applied
to the capsules as a dosage form include the fol-
lowing,.

FIG. 13-22. Erweka KEA capsule dedusting and pol-
ishing machine. (Courtesy of Erweka-Apparatebau,
Heusenstamm, West Germany.)

capsules arises from the fact that the imprinting
operation may occasionally damage some cap-
sules. When filled capsules are imprinted, con-
tamination, poor print quality, and actual
damage to the imprinting equipment result. Var-
ious types and capacities of equipment are com-
mercially available for this purpose in the
United States. The three major suppliers of this
equipment are Ackley Machine Corporation,
Emmﬂfxﬂmm—cﬂ eft Com Eanz, Phil-
adelphia, PA; and the Markem Machine Com-
pany, Keene, NH.

H ffers a variety of machines with out-
puts "as high as 500,000 capsules per hour
(model B, Fig. 13-24). Also available is a unit
that prints around the circumference of the cap-
sules, as opposed to a longitudinal imprint; how-
ever, this machine operates at a slower rate. A
lower-capacity unit (up to 250,000 capsules per
hour) allows printing on both sides of the cap-
sule, in different colors if desired.

Markem offers three models, which range
from approximately 60,000 to 250,000 capsules
per hour (Model 280A, Fig. 13-25). All three
models allow for two-sided printing, but not cir-
cumferential.

Ackley offers a straight-line imprinter with an
output rate of about 500,000 capsules per hour,
and has recently announced a new circumferen-
tial printer rated at about the same output.

In addition, several firms, including the major
empty capsule suppliers, offer custom imprint-
ing services.

All imprinting machines operate on a rotogra-

‘vure process, and a wide variety of colors of edi-

ble inks, both water- and solvent-based, are com-
mercmlly available.

2. Special purpose capsules are capsules to
which a special treatment has been given in an

ity i e T.

This may be done in an attempt to delay absorp-
tion of the active ingredient, or to provide en-
teric properties. Normal solubility for gelatin
capsules, either empty or filled, is not defined by
the USP XX. However, the General Service
Administration, in Federal Specification #U-C-
115b (2/10/58), defines solubility limits for
empty capsules as follows: (a) water resistance—
fails to dissolve in water at 20 to 30°C in 15 min;
(b) acid solubility—dissolves in less than 5 min

None of the following is used for any commer-
cial products as far as is known and cannot be
seriously recommended except for experimental
purposes, because of generally unpredictable
resuits.

ity the solubility of eelati les. Fxbo-
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FIG. 13-23. Seidenader Model PM60 capsule polishing machine. (Courtesy of Seidenader Maschinenbau Miinchen, West

Germany.)

sure to formalin vapors or treatment with ague-
ous formalin results in an unpredictable de-
crease in solubility of the gelatin film, owing to

cross-linkage of the gelatin molecule initiated by

the aldehyde. This result may also be noted if
the product being filled contains aldehvdic ma-
terials, or if aldehyde flavorants are added. Be-
cause of the nature of the reaction initiated in
this manner, it is difficult to control the degree
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of insolubilization, or indeed, to prevent ulti-
mate complete insolubility.

b. Various coatings have been used in an ef-
fort to provide similarly modified solubility char-
acteristics. These coatings include salol, shellac,
cellulose acetate phthalate, and certain resins
that have usually been applied by usual pan -
coating techniques.

Gelatin capsules do, however, provide a con-



Dr. Murtadha Al-Shareifi e-Library

FIG. 13-24. Hartnett Model B capsule imprinting ma-
chine. (Courtesy of R. H. Hartnett Co., Philadelphia, PA.)

venient way to deliver pellets or granular mate-
rial when delayed or prolonged release proper-
ties have been incorporated in all or portions of
the material to be filled.

3. Separation of incompatible materials (a
technique used for some commercial products)
is carried out by the use of a two-phase fill in the
capsule. One phase consists of either a soft cap-
sule, a smaller hard capsule, a pill, or a suitably
coated tablet that is filled into each capsule. Fol-
lowing this as a second phase, a powder fill is
added in the usual manner. If this technique is
used on commercial filling equipment, modifica-

- tions must be made to the filling cycle of the

machine. These changes would include, at min-
imum, the necessary changes in the machine
operation to allow materials to be loaded at two
points during the filling cycle. Tamp type pow-
der filling machines require the disabling of the
tamp cycle. '

4. Recently, there has been a revival of inter-
est in the filling of conventional two-piece gela-
tin capsules with liquids and semisolids. Hard
gelatin capsules were commonly used as early as
the 1890s for oils, ethereal extracts, and pill
masses,’ but the ability to fill the capsules on
semiautomatic and automatic equipment is a
recent development. The formulations used for
filling are usually semisolids at ambient temper-

FIG. 13-25. Markem Model 280A capsule imprinting machine. (Coursety of Markem Co., Keene, NH.)
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atures, which are melted to allow filling.? Or
they are thixotropic formulations in which the
shear developed in filling allows pumping, but
whose high viscosity when shear is absent pre-
vents leakage after filling. Quantitative assess-
ment of the gastric emptying of hard gelatin cap-
sules filled with thixotropic liquids can be made
in terms of the lag time prior to emptying, and
the slope of the first order emptying curve. Re-
sults have shown that the viscosity of the fill has
no significant influence on the emptying charac-
teristics of these dosage forms.> Machines for
filling semisolid materials are currently available
from Robert Bosch GmbH, Elanco, Harro
Hofliger, and Zanasi.

5. A recent series of developments—
primarily in Europe—have resulted in allowing
the use of a liquid fill into two-piece hard cap-
sules. The fills are either thermosetting (and
filled warm) or thixotropic. Modified commercial
equipment is available for filling.
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PART TWO

Soft Gelatin
Capsules

J. P. STANLEY

Many pharmaceutical companies have the
equipment and facilities for the development
and production of tablets, liquids, and hard-shell
capsule products, but they usually depend upon
custom manufacturers for the development and
production of soft gelatin capsules. The custom
manufacturers are specialists in this field, owing
primarily to economic, patent, and technologic
factors. Although few become directly involved
in the manufacture of soft capsules, pharmaceu-
tical chemists must be prepared to investigate
this dosage form and to participate in its devel-
opment, either in their own laboratories or in
cooperation with the technical personnel of a
custom manufacturer.

Owing to their special properties and advan-
tages, soft gelatin capsules are used in a wide
variety of industries, but they are used most
widely in the pharmaceutical industry. Billions
of capsules are made each year in various sizes
and shapes (Fig. 13-26), and in a variety of col-
ors and color combinations. Their pharmaceuti-
tary products for human or veterinary use.

2. As a suppository dosage form for rectal
use,’ or for vaginal use. Rectal dosage forms are
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hecoming more aceptable for pediatric and geri: Vaginal use is confined licati

that require the medication to be inserted at
bedtime. Because of the action of the sphincter
muscle, rectal use is not similarly limited.

3. As a specialty package in tube form, for
human and veterinary single dose application of
ical. ophthalmi 1 ot ! i

In the cosmetic industry, these capsules may
be used as a specialty package for breath fresh-
eners, perfumes, bath oils, suntan oils, and vari-
ous skin creams.

Methods of Manufacture

Soft gelatin capsules have been available
since the middle of the nineteenth century.
Criginally, they were made one at a time; leather
molds—and later, iron molds—were used for
shaping the capsule. The capsules were filled by
medicine dropper and sealed by hand with a
“glob” of molten gelatin. Since those early days,
many methods of capsulation have been pro-
posed and patented, but this discussion is con-
fined to equipment of commercial significance
in present use.

As technology advanced, the individual iron
molds gave way to multiple molding units, and
these eventually led to sets of plates containing
die pockets. The plate process is the oldest com-
mercial method 0% manufacture, but today this
equipment can no longer be purchased, and
consequently, only a few companies still use this

~process. The plate process—a batch process that
requires two or three operators for each ma-
chine—has given way to the more modem con-
tinuous processes, which require considerably
less manpower for operation.

The continuous processes became a commer-
cial reality in 1933, when the late R. P. Scherer
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FIG. 13-26. Sizes and shapes of soft gelatin capsules
(1 cc = 16.23 m). Numbers represent the nominal capac-
ity in minims. (Courtesy of R.P. Scherer Corporation,
Troy, ML)

invented the rotary die process. Prior to this in-
venuorr,; Soft g capsules were not looked on
favorably by the pharmaceutical industry, owing
to the relatively large amount of the capsulated
material (15 to 20%) lost during manufacture,
and to the variation in the net content of the
capsule (possibly 20 to 40%). The rotary die
process reduced manufacturing losses to a negli-
gible figure and content variation to less than

+3%. The Scherer machine cannot be pur-
chased or leased, but the Scherer organization
provides plant and laboratory facilities for the
manufacture of this dosage form in the United
States and nine foreign locations.

The early success of the rotary die process led
others to develop continuous methods of soft
gelatin capsule manufacture. One such method,
known as the reciprocating die process, was an-
nounced in 1949 and was developed by the
Norton Company, Worchester, MA. Another
continuous process, also announced in 1949,
was developed by the Lederle Laboratories Divi-
sion of the American Cyanamid Company and
has been used solely in the manufacture of that
company’s products. This equipment, known as
the Accogel machine, is unique in that it is the

only equipment that accurately fills powdered A

dry solids into soft gelatn capsules.
A discussion of L%e comparative advantages

and disadvantages of the foregoing four proc-
esses—plate, rotary die, reciprocating die, and
Accogel machine—is beyond the scope of this
chapter and would have little instructive value,
since the pharmaceutical chemist seldom has
the opportunity to choose between the four types
of equipment. One must consider, however, that
for maximum production efficiency, the contin-
uous processes demand almost 24 hours per
day, 5 (preferably 7) days per week, of continu- -
ous operation. Thus, medicament formulations
must be so designed as to maintain their desired
physical characteristics during this period of
operation as well as during periods of weekend
shutdowns, should they occur. The production
capacity of each of these machines is deter-
mined by (1) die size, which determines the
number of die pockets on the standard-sized die
plate, rotary die, or reciprocating die; (2) the
speed of the machine (of the operators for the
plate process); and (3) the physical characteris-
tics of the material to be capsulated. Formula-~
tions are designed to achieve maximum produc-
tion capacity consistent with maximum physical
and ingredient stability and therapeutic efficacy

All of the aforementioned equipment is lim-
ited to the production of gelatin capsules. Other
films and film-forming polymers have not as yet
been successfully adapted for use on these ma-
chines. An interesting review of the patent liter-
ature, covering capsule technology, has been
published.?

The Nature of the Capsule Shell

The capsule shell is basically composed of gel-
atin, a plasticizer, and water; it may contain ad-
ditional i i I ; e
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fects.

Gelatin’s chemical, physical, and physiologi-
cal properties make it an ideal substance for the
capsulation of pharmaceutical products.®>® The
gelatin is USP grade with additional specifica-
tions required by the capsule manufacturer. The
additional specifications concern the Bloom
strength, viscosity, and iron content of the gela-
tins used.

The Bloom or gel strength of gelatin is a mea-
sure of the cohesive strength of the cross-linking
that occurs between gelatin molecules and is

a elatin él °
17 . Bloom V. i ire-
ments of the individual custom manufacturer

but ranges from 150 to 250 g. In general, with all
other factors being equal, the higher the Bloom
str of the gelati i

stable is the resulting capsule shell. The cost of
elatin is directl i i

_tmm_g_m_only_usedﬂhmnﬂcessamg
improve the physical stability of a product or for
large capsules (over 50 minims), which require

struct
ity of elatm determmed on a 6%%-.

termm s the man
the gelatin film. The desired film characteristics
are usually based on standard gelatin formula-
tions, which allow production at a set sealing
temperature and definite drying conditions, and
produce a firm, nontacky, nonbrittle, pharma-
ceutically elegant product. Ihuasmsmfm'_ge]_
atin can range from 25 to 45 millipoise, but the

individual manufacturer séts a narrow range,

e.g.. 38 £ 2 millipoise, for a particular type of
Inti ] ; jard formnlati
nd d ; jard producti -
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prove the ingredient and physical stability of the
product.

7

- alrom is always present in the raw gelatin, and

content of the Iargg quantities of water used in
its manufacture. Gelatins used in the manufac-

ture of soft i ul

gelatin capsules should not contain
more than 15 ppm of this element, because of its

“effect on Food, Drug, and Cosmetic (FD&C) cer-

tified dves and its possible color reactions with

The plastici | with gelatin i ¢ i
sule manufacture are relatively few. Glycerin
tol Special, and combinations of these are the
most prevalent. The ratio by weight of dry plasti-

”

the gelatin shell, assuming that there is no effect
from the capsulated material. (Some examples
of glycerin/gelatin ratios are shown in Table 13-2
along with their typical usage.) The ratio by
weight of water to dry gelatin can vary from 0.7
to 1.3 (water) to 1.0 (dry gelatin) depending on
the viscosity of the gelatin being used. For most
formulations, however, it is approximately 1 to
1. Since only water is lost during the capsule
drying process, the percentage of plasticizer and
gelatin in the shell is increased, but the impor-
tant plasticizer to gelatin ratio remains un-
changed.

1) the

elati imi in se b

TasLe 13-2. Typical Shell “Hardness” Ratios
Ratio
Dry Glycerin/
Dry Gelatin

Hardness
Hard

Usage

Oral, oil-based, or
shell-softening pro-
ducts and those des-
tined primarily for”

hot, humid areas.

Oral, tube, vaginal oil-based,
water-miscible-based,

or shell-hardening pro-
ducts and those destined
primarily for temperate
areas.

0.4/1

Medium 0.6/1

Soft 0.8/1 Tube, vaginal, water-
miscible-based or shell-
hardening products and

those destined primarily
for cold, dry areas.
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2) their effect on capsule manuf: :
economic factors. Examples of ingredients fall-
Table 13-3

The addition of medicaments to the gelatin
mass usually is not recommended, for economic
reasons, since only 50% of the gelatin mass is
incorporated into the capsules. This results in a
50% loss of the added medicament. However,

certain _highly active, relatively inexpensive
compounds such as benzocaine (3 mg/capsule
shell) in chewable cough capsules may be used

successfully.
Additional comments relative to the color of

i i 1 "
EWM ] PRI Y tn which
the color of the capsule can be definitely affected
by the color or type of material capsulated. As a
general policy, the color of the capsule shell
should never be li in hu -
lated material.

: an-

More specifically, darker colors are more ap-
propriate for large-size (14 to 20 minim oblong)
oral products, since they will not accentuate the

H‘OB,.--

Tasre 13-3. Additional Components of the Gela-
tin Mass

Ingredient Concentration Purpose
Category 1
Methylparaben,
4 parts; Propyl- 0.2% Preservative
paraben, 1 part 2=
 FD&C and D&C
water-soluble dyes,
certified lakes,
pigments, and vege- q.s. Colorants
table colors, alone
or in combination
Titanium dioxide 0.2 to 1.2% Opacifier
Ethyl vanillin 0.1% Flavoring for
odor and taste
Essential oils to 2% Flavoring for
odor and taste
Category 11 :
Sugar (sucrose) to 5% To produce chew-
able shell and
taste
Fumaric acid to 1% Aids solubility;

reduces aldehydic
tanning of gelatin

size. Also, before a color is chosen, mixtures

should be checked in the lahoratory by addition
of water to ascertain if reactions take place to

cause the mixture to daIk_an as in the case. of

gxa.l_u,lamms or as in the case_QLma.QuQns

colorstsually are employved with clear type fill

ials ue are used with sus-

materials, and opague colors are used with sus-
pensions, but the reverse of this rule can be cho-

sen to achieve a particular appearance or for in-
gredient stability purposes. For special effects or
identification purposes, two colors, both opaque
or one opaque and one clear, may be chosen

ss involves two

A publication by Hom and co-workers de-
scribes a gelatin disk method for the determina-
tion of the effects of agitation, temperature, dis-
solution medium, and shell composition on the
dissolution rate of soft gelatin capsules.® This
information should be helpful in the formulation
of gelatin capsules for various purposes.

From the foregoing discussion on the gelatin
shell, one may conclude that the pharmaceutical
chemist must rely heavily on the experience of
the custom capsule manufacturer. However, in
order to choose the proper gelatin, gelatin for-
mula, and color, the custom manufacturer must
rely on the technical and product information
designed and developed by the pharmaceutical
chemist. With such mutual cooperation and free
exchange of information, new products or dos-
age forms can be efficiently developed.

The Nature of the Capsule
Content

Soft gelatin capsules can be used to dispense a
variety of liquids and solids. Requirements and
specifications of these materials vary, depending
on the equipment of the manufacturer, but
there are basic precepts that may be used as a
guide for the formulation and production of
commercially: and therapeutically acceptable
capsules, regardless of method of capsulation.
The formulation of the capsule content for each
product is individually developed to fulfill the
specifications and end- -use requirements of the
product.

Except for the Accogel process, which is pri-
; { with i 1ot ¥
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powders, the content of a soft gelatin capsuleis a

] f a solid(s) in a Fiquid(s), or a & o
sion of a solid(s) in a liquid(s). All such ‘materials
for capsulation are for‘mum to produce the
smallest possible capsule consistent with maxi-
mum ingredient and physical stability, thera-
peutic effectiveness, and production efficiency.
Once the smallest capsule size is defermined,
personnel in the sales or marketirig departments
usually choose the color, shape, and ultimate
size of the retail product, unless there is a tech-
nical or production reason for the development
chemist to specify a particular size, shape, and
color. The maximum capsule size and shape for
convenient oral use in humans is the 20 minim
oblong, the 16 minim oval, or the 9 minim round

as shown in Figure 13-26.

#‘Lﬁuﬁl are_an essential part of the capsule

content. Only those liquids that aze both water-

miscible and volatile cannot be included as
. ; f o sul

d W 1
hol fall i this
catego 1 icizer: h as

d he capsule more susceptible to
the effects of heat and humidity. As minor con-
stituents (up to about 5% of the capsule con-
tent), water and alcohol can be used as cosol-
vents to aid in the preparation of solutions for

capsulation. Also, up to 10% glycerin and/or pro-
pylene glycol can be used as cosolvents with pol-

other liquids that have a

shell-hardening effect when capsulated alone.
There are a large number of liquids that do not
fall into the foregoing category and thus can
function as active ingredients, solvents, or
vehicles for suspension-type formulations.
These liquids include aromatic iphatic

hydrocarhy chlorinated hydrocarbons, and .
high-molecular-weight alco md or-

ganic acids. Many of these are used in veteri-

nary, cosmetic, and industrial products. For
human use, however the pharmaceutical chem-
ist is often limited in his selection or use of a
particular liquid because of government regula-
tions, product performance specifications, ingre-
dient incompatibilities, and liquid-solid adsorp-
tion characteristics. Ihe_mgsl_mdelv used

%ﬂmm-
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dient oils as fish oil may also function as a sol-
vent, or as the suspending medium for one or
more additional active ingredients, as in vitamin
capsules.

All liquids, solutions, and suspensions for cap-
(vide infra), and preferably should flow by grav-
ity at room temperature, but not at a tempera-
ture exceeding 35°C at the point of capsulation,

i i erature of the gelatin
general, liquids rang:mgg in viscosity from ethyl
ether (0.222 cp at 25°C)” to heavy adhesive mix-
tures (exceeding 3000 cp at 25°C) may be en-
capsulated, but there are some exceptions since
the property of viscosity alone is not the sole cri-
terion. Liquids that exhibit the rheologic prop-
erty of tack or tackiness, such as glycerin
(954 cp at 25°C),° are exceptions, since such lig-
uids can eventually cause the binding of slide
valves and pumps in the capsule filling mecha-
nism. Also, for encapsulation
should have a pH between 2.5 and 7.5, since
preparations that are more acidic can cause hy-
drolysis and leakage of the gelatin shell, and
preparations that are more alkaline can tan the
gelatin and thus affect the solubility of the shell.

Ti lation of —immiscible liquids i

. The
minimum size capsule depends on the dosage
desired, the minimum fill volume being calcu-
lated from the specific gravity of the liquid. A die
size and shape may then be chosen from those
shown in Figure 13-26. The nearest die size
above the calculated fill volume may be used, or
any larger die may be chosen if the active ingre-
dient is to be diluted for some reason. For exam-
ple, a 25,000-unit vitamin A capsule using vita-
min A palmitate (1,000,000 units A/g) as a
source for the vitamin A would have a minimum
fill volume of about 0.45 minims, and thus could
be diluted to any size capsule desired. On the
other hand, the same potency capsule using fish
oil (50,000 units A/g) as a source for the vitamin
A would have a minimum fill volume of about
8.8 minims.

The minimum fill volume for water-misciblie,
nonvolatile liquids, such as polysorbate 80, is
determined in the same manner. Because of
their hygroscopic nature, however, they cause
water to migrate from the gelatin shell into the
fill material. This migration is rapid and could
amount to 20% of the weight of the miscible lig-
uid. During the drying period of the capsule,
most of this water returns to and passes through
the gelatin shell, but up to 7.5% of the original
water can remain in the fill material, depending

.

N
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on the hydrophilic properties of the liquid. Thus,
for liquids of this type, a safety factor must be
used in establishing the minimum fill volume
and in choosing the die.*

Although oily liquids de net retain moisture,
water does pass from the shell of the capsule
into the fill material and out again during the
manufacture and drying of these capsules. This
is important for the formulator to remember,
since such water transfer can and does have a
bearing on formulations in which oily liquids are
used as solvents or as vehicles for suspensions.
If such suspensions contain hydrophilic solids,
water may be retained up to 3% by weight of the
hydrophilic material.

Combinations of miscible liquids often are
used to produce desired physiological results
such as increased or more rapid absorption of
active ingredient (vitamin A and polysorbate
80); or to produce desired physiochemical re-
sults, such as improved flow properties (dilution
or partial substitution with a thinner liquid), or
improved solubility (steroid with oil and benzyl
alcohol).

Except for when the Accogel process is used,
solids are filled into soft gelatin capsules, in the
form of either a solution or a suspension. The
W@M@Qf a mh.d_ms_

dicament should be
ceutical chemist. Us
easily capsulated and
stabili d bio ti i
does a suspension. For oral products, the medic-
ent must have sufficient ility i -
vent system so that the necessary dose is con-
tained in a maximum fill volume of 16 to 20
minims (1 to 1.25 cc).

li t t iently soluble in lig-
uids or in combinations of liquids are capsulated
as suspensions. Most organic and inorganic sol-
ids or compounds may be capsulated. Such ma-
terials should be 80 mesh or finer in particle
size, owing to certain close tolerances of the cap-
sulation equipment and for maximum homoge-
neity of the suspension. Many compounds can-
not be capsulated, owing to their solubility in
water and thus their ability to affect the gelatin
~ shell, unless they are minor constituents of a
formula or are combined with a type of carrier

aotm mre

* For example, a capsule to contain 500 mg of Polyspr_bate
80 would have a calculated (%)
fill volume of about 7.5 minims. Assuming, how-
ever, that there is 5% residual water in the dry
capsule, the final fill volume would be about 8 minims
( 525¢ x 16.23 minim )

1.08g ’

(liquid or solid) that reduces their effect on the
shell. Examples of such solids are strong acids
(citric), strong alkalies (sodium salts of weak
acids), salts of strong acids and bases (sodium
chloride, choline chloride), and ammonium
salts. Also, any substance that is unstable in the
presence of moisture (e.g., aspirin) would not
exhibit satisfactory chemical stability in soft gel-
atin capsules.

The capsulation of suspensions is the basis for
the existence of a large group of products. Again,
the design of suspension type formulations and
the choice of the suspending medium are di-
rected toward producing the smallest size cap-
sule having the characteristics previously de-
scribed, i.e., maximum production capacity
consistent with maximum physical and ingredi-
ent stability and therapeutic efficacy.

The formulation of suspensions for capsula-
tion follows the basic concepts of suspension
technology. Formulation techniques, however,
can vary depending on the drug substance, the
desired flow characteristics, the physical or in-
gredient stability problems, or the biophar-
maceutical properties desired. In most in-
stances, these techniques must be developed
through the ingenuity of the formulatmg chem-
ist; however,

Soy lecithin, at a concentration cé 2 to 3% b

weight e oil, serves excellentlyTor this pur-

pOSE, and being a natural product, is universally
accepted for food and drug use. Increasing the
concentration above 3% "appears to have no
added advantage.

A practical procedure for determining base
adsorption and for judging the adequate fluidity
of a mixture is as follows. Weigh a definite
amount (40 g is convenient) of the solid into a

CAPSULES = 403
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150-ml tared beaker. In a separate 150-ml tared
beaker, place about 100 g of the liquid base. Add
small increments of the base to the solid, and
using a spatula, stir the base into the solid after
each addition until the solid is thoroughly wet-
ted and uniformly coated with the base. This
should produce a mixture that has a soft oint-
ment-like consistency. Continue to add liquid
and stir until the mixture flows steadily from the
spatula blade when held at a 45-degree angle
above the mixture. The flow is even and contin-
uous, and not in “globs.” Attention also should
be given to the nature of the “cut-off” guality of
the mixture. As the mixture tends to stop flow-
ing, proper cut-off is exhibited when the stream
contracts rapidly upward toward the spatula
blade rather than “stringing out” in intermediate
flow.
At the ¢ i

base adsorption i i -

Weight of Base .
—e,l——_* = Base Adsorption
Weight of Selid E—

The base adsorption mixture is milled or ho-
mogenized, and deaerated (a desiccator under
vacuum is suitable), and the specific gravi i
taken. The specific gravity is the weight of mix

per cubic centimeter or per 16.23 min-
ims (V). As in the case of liquids and solutions,
the ggﬂaiwmune
the die size required for a given guantity of the
particular mixture.

The base adsorption is used to determine the
“minim per ” i

T ; il i ;
minims that is occupied by one gram (S) of the
solid plus the weight of liquid base (BA) required
to make a capsulatable mixture. The minim per
gram factor is calculated by dividing the weight
of base plus the gram of solid (BA + S) by the
weight of mixture (W) per cubic centimeter or

A Vv
(B +wszx - Mg

Thus, the low i
solid(s) and the high e mix-

ture, r]ic_smallcr—t]ﬁe_capaule will be. This also
indicates the importance of establishing specifi-
cations for the control of those physical proper-
ties of a solid mentioned previously that can af-
fect its base adsorption.

The BA and M/g data need not be obtained on
any material that is to be capsulated 2lone at

404 « The Theory and Practice of Industrial Pharmacy

concentrations of 50 mg or less, since the small-
est capsules can accommodate such quantities.
If such material is to be used in combination,
however, the data become necessary to allow for
its inclusion in the formulation. The conven-
ience of using M/g factors is particularly evident
in the vitamin field, where there may be many
ingredients and numerous combinations. Since
the minim per gram factors are additive, they
can be used for a more rapid calculation of cap-
sule size than can be given by the preparation of
the many possible mixtures in the laboratory.
See Table 13-4 for BA and M/g data on some typ-
ical solids.

The final formulation of a suspension invaria-

bly requires a suspending agent to prevent the
settling of the solids and to maintain homogene-
ity prior to, during, and after capsulation. The
nature and concentration of the suspending
agent vary, depending on the job to be done.
Also, a rather delicate balance must be achieved
between the requirement for a stable suspension
and the requirement for the mixture to have the
proper flow characteristics. There is evidence,
too, that the proper suspending agent coats the
suspended solids, imparting a certain lubricity
to them and thereby aiding capsulation. Also,
the coating can prevent contact with possible
incompatible components in the mixture. Of the
examples shown in Table 13-5, the most widel
used suspending agent for oily bases is wax mix-
fure, and in nonoily bases, the polyethvlene gly-
cols 4000 and 6000.
" In all instances, the suspending agent used is
melted in a suitable portion of the liquid base,
and the hot melt is added slowly, with stirring,
into the bulk portion of the base, which has been
preheated to 40°C prior to the addition of any
solids. The solids are then added, one by one,
with sufficient mixing between additions to en-
sure complete wetting. Incompatible solids are
added as far apart as possible in the mixing order
to prevent interaction prior to complete wetting
by the base.

Additional aids to formulation involve the
physical and ingredient stability of the capsules.
There should be little concern with oxidation or
the effects of light as a cause of ingredient insta-
bility, since the gelatin shell is an excellent oxy-
gen barrier and may be opacified.’®!!

Most ingredient stability problems are associ-
ated with the available moisture from the gelatin
shell, which when absorbed into the capsule
content, can cause areas of high concentration
of water-soluble solids, leading to ionization and
interaction of the solids. Such problems may be
alleviated or eliminated by employing a less sol-
uble salt (procaine penicillin instead of potas-
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TasLE 13-4. BA and M/g Factors of Some Typical Solids

Ingredient Base® BA M/g
Acetaminophen Veg. oil 0.76 25.97
Acetaminophen PEG 400 0.75 23.07
Ascorbic acid Veg. oil 0.60 20.60
Ascorbic acid Polysorbate 80 1.10 26.92
AI(OH);—MgCO, (FMA 11) Veg. oil 1.90 41.30
Al(OH);—MgCO, (FMA 11) PEG 400 2.44 42.10
Danthron Veg. oil 1.30 33.75
Danthron Glyceryl monooleate 1.39 33.94
Danthron Polysorbate 80 1.38 31.28
Danthron PEG 400 1.60 3362
Danthron Triacetin 1.83 36.02
Ephedrine SO, Veg. oil 1.30 36.80
Ferrous SO, exsiccated Veg. oil 0.30 10.60
Ferrous SO, exsiccated Polysorbate 80 047 12.90
Guaifenesin” Veg. oil 1.28 34.68
Lactose Veg. oil 0.75 23.87
Desiccated liver Veg. oil 0.80 25.70
Mephenesin Veg.-oil 2.50 57.38
Mephenesin PEG 400 2.13 4477
Meprobamate Veg. oil 1.58 42.55
Meprobamate PEG 400 1.30 32.52
Niacinamide Veg. oil 0.80 25.63
Neomycin sulfate Veg. oil 0.60 '20.66
Phenobarbital Veg. oil 1.20 33.60
Procaine penicillin G ' Veg. oil 0.91 28.63
Sodium ascorbate Veg. oil 0.76 22.40
Salicylamide Veg. oil 0.80 25.80
Sulfathiazole Veg. oil 0.43 17.90
Sulfanilamide Veg. oil 1.03 28.55
Tetracycline (amphoteric) Veg. oil 0.61 21.63

* Vegetable oil bases contain 3% soy lecithin.

sium), employing coatings (gelatin-coated B,3),
adjusting pH with appropriate small quantities
of citric, lactic, or tartaric acids or with less re-
strictive quantities of sodium ascorbate or mag-
nesium oxide, or salting-out with appropriate
small quantities of sodium chloride or sodium

acetate.

TasLE 13-5. Typical Suspending Agents

Usually, the physical stability of a product is
associated primarily with the type of gelatin and
gelatin formulation used but can be aided by
proper fill formulation. If a particular solid may
have a deleterious action on the gelatin shell,
the form of the solid that is least water-soluble
and the most oleophilic would be the form of

Concentration Concentration
Type of Oily Base (%) Type of Nonoily Base (%)
White wax, NF 5 Polyethylene glycol 4000 1-15
and 6000

Paraffin wax, NF 5 Salid nonionics 10

Animal stearates 1-6 Solid glycol esters 10

‘Wax mixture* 10 and 30 Acetylated monoglycerides 5
Aluminum monosterate, NFt 3-5

Ethocel (100 cps)t 5-10

*1 part hydrogenated soybean oil; 1 part yellow wax, NF; 4 parts vegetable shortening (melting point 33 to 38°C); used at 10% on the
adsorption oil and at 30% on any filler oil réquired.
tUsed with volatile organic liguids such as butyl chloride; toluene; tetrachlorethylene; benzene.
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choice for an oil-based suspension. An example
would be the use of calcium salicylate rather
than the sodium or magnesium salts. Also, the
type of liquid base used can have an effect on
physical stability. For example, the proteolytic
effect of chloral hydrate on the gelatin shell is
greatly reduced when a polyethylene glycol base
is used in place of an oily base.

With the proper selection of materials and for-
mulation techniques, the pharmaceutical chem-
ist can prepare solutions or suspensions for com-
parisons of stability’ and dissolution rate with
formulations of other solid dosage forms. By ac-
curately filling two-piece gelatin capsules with
such formulations, comparative absorption, uri-
nary excretion, and metabolic studies can be
made prior to the actual preparation of the soft
gelatin capsule dosage form. Today the product
development laboratory must evaluate all poten-
tial formulations for a new drug substance or for
product improvement.

Capsule Manufacture,
Processing, and Control

Although this aspect of soft gelatin capsules is
the primary responsibility of the custom manu-
facturer, the pharmaceutical chemist should
have an understanding of the materials and
equipment involved in the capsule’s manufac-
ture, processing, and quality control. The sev-
eral methods of capsulation referred to in the
early part of this chapter, although differing
somewhat in mechanical principles, do require
the use of similar materials, processing steps,
and equipment, and the use of equivalent con-
trol procedures.

Except for the gelatin preparation depart-
ment, the manufacturing areas of a typical plant
are air-conditioned to assure the proper condi-
tioning of the gelatin films, the proper drying of
the capsules, and the consistent low moisture
content of raw materials and mixtures. The tem-

_perature is usually in the range of 20 to 22°C,

and the humidity is controlled to a maximum of
in the operating areas and a range of 20 to

30% in the drying areas.

In the gelatin preparation department of a typ-
ical manufacturer, the gelatin is weighed on
printomatic scales and mixed with the accu-
rately metered (printomatic) and chilled (7°C)
liquid constituents’in suitable equipment, such
as a Pony Mixer. The resultant fluffy mass is
Eangﬁ'—r?ga to melting tanks and melted under
vacuum (29.5" Hg) at 93°C. The mixing process
requires about 25 min for 270 kg of mass, and
the melting procedure requires about'3 hours. A
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sample of the resulting fluid mass is visually
compared with a color standard, and additional
colorants are blended into the mass if adjust-
ments are required. The mass is then main-
tained at a temperature of 57 to 60°C before and
during the capsulation process.

The materials preparation department will
have a weigh-off and mixing area containing the
necessary equipment and facilities for the prep-
aration of the variety of mixtures that may be
capsulated. Typical equipment would include
printomatic scales for exacting measurements
and control records; stainless-steel jacketed
tanks for handling from 10- to 450-gallon
batches of mix; and mixers, such as the Cowles,
for the initial blending of solids with the liquid
base. After the initial blending is completed, the
mixture is put through a milling or homogeniz-
ing pmce%ﬂg@g_ﬂquipment such as the
homoloid stone mill, hopper mill, or the
Urschel Comitrol. The purpose of the milling
opération is not to reduce particle size, but to
break up agglomerates of solids and to make cer-
tain that all solids are “wet” with the liquid car-

rier, so as to achieve a smooth and homogenous

mixture.

Following the milling operation, all mixtures
are subjected to deaeration, and particularly so if
the capsulation machine is equipped with a pos-
itive displacement pump. Deaeration is neces-
sary to achieve uniform capsule fill weights; it
also protects against loss of potency through oxi-
dation prior to and during capsulation. When
small amounts of volatile ingredients are in-
cluded in a formulation, they are carefully added
and blended into the bulk mixture after deaera-
tion. Most liquids and suspensions may be de-
aerated by means of equipment designed to ex-
pose thin layers of the material continuously to a
vacuum (29.5" Hg) and at the same time trans-
fer the material from the mixing tank to the con-
tainer that will be used at the capsulation ma-
chine. Suspensions or
containing volatile liquids or liquid surface ac-
tive agents as chief constituents of the formula
may be deaerated by subjection to temperatures
up to 60°C for the period required to achieve the
results desired. After deaeration, the mixture is
ready to be capsulated.

At this point, samples of the mixture are often
sent to the quality control laboratory for various
tests, such as ingredient assays and specific
gravity, and tests for homogeneity of suspen-
sion, moisture content, or air entrapment. This
in-process quality control step may or may not
be routine, depending on the product or antici-
pated problems, but should always occur with
new products until the process is validated.

liquid  mixtures-
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Owing to space limitations, a detailed descrip-
tion of each capsulation process is not possible.
A schematic drawing of the rotary die process is
presented, however, to acquaint the pharmaceu-
tical chemist with the fundamental aspects of
capsulation (Fig. 13-27). The gelatin mass is fed
by gravity to a metering device (spreader box),
which controls the flow of the mass onto air-
cooled (13 to 14°C) rotating drums. Gelatin rib-
bons of controlled (+10%) thickness are formed.
The wet shell thickness may vary from 0.022 to
0.045 inch, but for most capsules, it is between
0.025 and 0.032 inch. Thicker shells are used on
products requiring greater structural strength.
Product cost is directly proportional to shell
thickness. The ribbons are fed through a min-
eral oil lubricating bath, over guide rolls, and
then down between the wedge and the die rolls.

The material to be capsulated flows by gravity
into a positive displacement pump. The pump
accurately meters the material through the leads
and wedge and into the gelatin ribbons between
the die rolls. The bottom of the wedge contains
small orifices lined up with the die pockets of
the die rolls. The capsule is about half sealed
when the pressure of the pumped material
forces the gelatin into the die pockets, where the
capsules are simultaneously filled, shaped, her-
metically sealed, and cut from the gelatin rib-
bon. The sealing of the capsule is achieved by

FIG. 13-27. Schematic drawing of rotary die process.
(Courtesy of R.P. Scherer Corporation, Troy, MI.)

mechanical pressure on the die rolls and the
heating (37 to 40°C) of the ribbons by the wedge.
During manufacture, capsule samples are
taken periodically for seal thickness and fill
weight checks. The seals are measured under a
microscope, and changes in ribbon thickness,
heat, or die pressure are made if necessary. Ac-
ceptable seal thickness is one half to two thirds
of the ribbon thickness. Fill weight checks are
made by weighing the whole fresh capsule, slit-
ting it open, and expressing the contents. The
shell is then washed in a suitable solvent (petro-
leum ether), and the empty shell is reweighed. If
necessary, adjustments in the pump stroke can
be made to obtain the proper fill weight.
Immediately after manufacture, the capsules
are automatically conveyed through a naphtha
wash unit to remove the mineral oil lubricant.
The washed capsules may be automatically sub-
jected to a preliminary infrared drying step,
which removes 60 to 70% of the water that is to
be lost, or may be manually spread directly on
trays. Capsules from the infrared dryer are also
spread on trays, and all capsules are allowed to
come to equilibrium with forced air conditions of
20 to 30% relative humidity at 21 to 24°C.
Capsules at equilibrium with 20 to 30% RH at
21 to 24°C are considered “dry,” and the shell of
such a capsule contains 6 to 10% water, depend-
ing on the gelatin formula used. The moisture
content of the shell is determined by the toluene
distillatton method, collecting the distillate over
a period of one hour. Additional water may be
removed from “dry” capsules by further heating,
e.g., at 40°C, but such a manufacturing step has
not been found to be practical or necessary.
After drying, the capsules are transferred to
the inspection department and held until re- -
leased by the quality control department. The
inspection and quality control steps in the proc-
essing of capsules are much the same as with
other dosage forms and must conform to good
manufacturing practice. Control tests specifi-
cally applicable to the quality of soft gelatin cap-
sules may involve seal thickness determina-
tions, total or shell moisture tests, capsule

- fragility or rupture tests, and the determination

of freezing and high temperature effects.
Also, capsules may be sent after drying to a
finishing department for heat branding or ink

printing for purposes of identification.

Final physical control processing and packag-
ing may be accomplished by the following in-
line continuous operations.

1. A capsule diameter sorter allows to pass to
the next unit any capsule within £0.020 inch.of
the theoretic diameter of the particular capsule
being tested. Overfills, underfills, and “foreign”
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capsules are discarded. The unit is fed from a
hopper, and the capsules are passed through a
final naphtha washing unit just prior to the
sorter. The unit employs a syntron vibrator,
which is a series of divergent wire lanes, and can
be used for capsule diameters ranging from
0.200 to 0.500 inch.

2. A capsule color sorter is the next unit in
line. The capsules are fed to it automatically
from the diameter sorter by a pneumatic con-
veyor. In this unit, any capsule whose color does
not conform to the reference color standard for
that particular product is discarded, while satis-
factory capsules pass immediately to an elec-
tronic counting and packaging unit.

3. The electronic counting unit can count as
many as 8,000 capsules per minute (depending
upon size) directly into the bulk shipping carton.
A printout of the content of each carton and a
printout of the number of cartons are automati-
cally produced and made a part of the produc-
tion record. Following this step, the cartons are
labeled, sealed, and palletized and are then
ready for shipment.

Capsule Physical Stability and
Packaging

Unprotected soft gelatin capsules (i.e., cap-
sules that can breathe) rapidly reach equilib-
rium with the atmospheric conditions under
which they are stored. This inherent character-
istic warrants a brief discussion of the effects of
temperature and humidity on these products,
and points to the necessity of proper storage and
packaging conditions and to the necessity of
choosing an appropriate retail package. The va-
riety of materials capsulated, which may have
an effect on' the gelatin shell, together with the
miany gelatin formulations that can be used,
makes it imperative that physical standards are
established for each product.

General statements relative to the effects of
temperature and humidity on soft gelatin cap-
sules must be confined to a control capsule that
contains mineral oil, with a gelatin shell having
adry glycerin to dry gelatin ratio of about 0.5 to 1
and a water to dry gelatin ratio of 1 to 1, and that
is dried to equilibrium with 20 to 30% RH at 21
to 24°C. The physical stability of soft gelatin cap-
sules is associated primarily with the pick-up or
loss of water by the ‘capsule shell. If these are
prevented by proper packaging, the above con-
trol capsule should have satisfactory physical
stability at temperatures ranging from just above
freezing to as high as 60°C.

For the unprotected control capsule, low hu-
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midities (<20% RH), low temperatures (<2°C)
and high temperatures (>38°C) or combinations
of these conditions have only transient effects.
The capsule returns to normal when returned to
optimum storage conditions. The transient ef-
fects are primarily brittleness and greater sus-
ceptibility to shock, requiring greater care in
handling or a return to proper storage conditions
prior to further handling.

As the humidity is increased, within a reason-
able temperature range, the shell of the unpro-
tected control capsule should pick up moisture
in proportion to its glycerin and gelatin content
in accordance with the curves shown in Figure
13-28. The total moisture content of the capsule
shell, at equilibrium with any given relative
humidity within a reasonable temperature
range, should closely approximate the sum of
the moisture content of the glycerin and the gel-
atin when held separately at the stated condi-
tions. For example, the shell of the described
control capsule contains 400 mg of dry gelatin
and 200 mg of dry glycerin per gram. At equilib-
rium with 30% RH at room temperature (21 to
24°C), the curves show that the gelatin' should
retain about 12% (48 mg) of water, and the glyc-
erin 7% (14 mg) of water. Thus, the “dry” shell
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would contain about 9.4% water (62 mg H,0/
662 mg of shell).

If the conditions are changed to 60% RH (21
to 24°C), the moisture content should be approx-
imately 17.4%. In actual practice, however, such
calculated moisiures are considered maximum,
since moisture assays (toluene distillation
method) of the shells of oil-filled capsules give
results somewhat lower than the theoretical val-
ues. The deviation most likely is due to an inter-
action between the plasticizer and gelatin, par-
tially satisfying their respective water-binding
capacities and thereby causing a lower moisture
content than would be theoretically expected.
Nevertheless, the curves serve to illustrate the
hygroscopic nature of capsule shells, the relative
effect of changes in the glycerin to gelatin ratio
on the hygroscopicity of the shell, and the poten-
tial effects of humidity on the chemical and
physical stability of the product.

High humidities (>60% RH at 21 to 24°C)
produce more lasting effects on the capsule
shell, since as moisture is absorbed, the capsules
become softer, tackier, and bloated. The cap-
sules do not leak unless the increased moisture
has allowed a deleterious ingredient in the cap-
sule content to attack the gelatin. On return to
optimum storage conditions, the capsules are
dull in appearance and most likely inseparably
stuck together. An increase in temperature
(>24°C), together with humidity (>45%), re-
sults in more rapid and pronounced effects and
may even cause the unprotected capsules to
melt and fuse together. Capsules containing
water-soluble or miscible liquid bases may be
affected to a greater extent than oil-based cap-
sules, owing to the residual moisture in the cap-
sule content and to the dynamic relationship
existing between capsule shell and capsule fill
during the drying process.

The capsule manufacturer routinely conducts
accelerated physical stability tests on all new
capsule products as an integral part of the prod-
uct development program. The following tests
have proved adequate for determining the effect
of the capsule content on the gelatin shell. The
tests are strictly relevant to the integrity of the
gelatin shell and should not be construed as sta-
bility tests for the active ingredients in the cap-
sule content. The results of such tests are used
as a guide for the reformulation of the capsule
content or the capsule shell, or for the selection
of the proper retail package. The test conditions
are (1, 80% RH at room temperature in an open
container; (2) 40°C in an open containey; (3)
40°C in a closed container (glass bottle with tight
screw-cap). The capsules at these stations are
observed periodically for 2 weeks. Both gross

and subtle effects of the storage conditions on
the capsule shell are noted and recorded. The
control capsule should not be affected except at
the 80% RH station, where the capsule would
react as described under the effects of high
humidity.

In the case of a newly developed product, the
gross effects such as disintegration, leakers,
unusual brittleness or softening, apparent color
fading, or discoloration are obvious. The more
subtle changes may be the loss of a volatile in-
gredient as detected by slight capsule indenta-
tion, or the slight darkening or widening of the
capsule seams, or slight changes in color hue.
Capsules often show a “soft spot” at the site at
which they lie next to the tray or against another
capsule. This spot is the result of slower drying
and is of no consequence in the control capsule,
since such areas firm up and are not flaws in the
capsule shell. On the other hand, if such areas
do not become firm, usually because of action by
the capsule content, then physical stability prob-
lems can be anticipated during the shelf-life of
the product. Such defects must be corrected be-
fore the product can be considered for produc-
tion. Correction of such defects depends upon
identifying their cause. Most defects can be cor-
rected by appropriate changes in gelatin or fill
material formulations, but in some cases, differ-
ent colorants, machine speeds, and machine
dies may have to be used. The experience and
mature judgment of the custom manufacturer is
invaluable in the solution of such problems.

Chemists conducting the physical stability
tests in their own laboratories should keep two
important points in mind: (1) Prior to testing,
the capsules should be equilibrated to known
atmospheric conditions, preferably 20 to 30%
RH at 21 to 24°C. (2) Evaluation of the results of
the previously described heat tests should be
made only after the capsules have returned to
equilibrium with room temperature.

After the capsules have passed the shell integ-
rity tests, additional physical studies should be
conducted using the various types of retail pack-
ages being considered for the product. These lat-
ter tests should be designed to determine the
shelf-life of the product and may conform to
most of the standard testing procedures em-
ployed by a company for its other solid dosage
forms. Exceptions may involve those tests con-
ducted at temperatures exceeding 45°C for time
periods exceeding a month.

The soft gelatin capsule manufacturer takes
great care in the production of capsules to meet
the specifications of the product set forth by the
customer. When bulk shipments of capsules are
made by the manufacturer, they are temporarily
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protected from normal changes in humidity by a
suitable moisture barrier such as a 0.003-inch
polyethylene bag within a standard fiber board
carton. Since such packaging is not a permanent
moisture barrier, the capsules should be retail
packaged as soon as possible after receipt. If
immediate packaging is not practical, the bulk
capsules in their original unopened cartons
should be stored in an air-conditioned area in
which the humidity does not exceed 45% RH at
21 to 24°C. The retail packaging of these cap-
sules should be done under similar conditions,
for the maximum physical and chemical stabil-
ity of the product.

Soft gelatin capsules may be retail packaged
using any modern packaging equipment, includ-
ing the electronic type. Capsules may be pack-
aged in glass or plastic containers or may be
strip-packaged, so long as such packaging in-
volves tight closures and plastics having a low
moisture vapor transfer rate. Suppliers of rigid
plastics and plastic films can be of immeasura-
ble service in suggesting the proper types of
packaging for testing. Since strip packaging usu-
ally is done by specialists in this field, their ad-
vice should be solicited, and test strips should be
made and tested for adequacy.

Pharmaceutical Aspects

The pharmaceutical chemist should be cogni-
zant of the inherent properties of soft gelatin
capsules. Essentially, these capsules are solid
dosage forms containing liquid medication and
therefore offer certain advantages:

1. They permit liquid medications to become
easily portable. '

2. Accuracy and uniformity of dosage, cap-
sule to capsule and lot to lot, are predominant
advantages. These capsules easily pass the ap-
propriate compendial tests and surpass other
solid dosage forms in this respect, because liquid
formulations can be more accurately and pre-
cisely compounded, blended, homogenized, and
measured or dispensed than can dry solid for-
mulations.

3. The pharmaceutical availability of drugs
formulated for this dosage form, as measured b%
disintegration time,* or by dissolution rate, 5!
often shows an advantage over other solid dos-
age formulations.

In the dissolution rate studies of twenty drugs,
presented previously, which included a wide
variety of chemical types and pharmacologic
classes, the authors showed that in the majority
of cases, the drugs were more rapidly and com-
pletely available from the soft gelatin capsule
than from the commercial tablets or capsules.
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For these studies, the NF XII (second supple-
ment, 1967) rotating-bottle method was used.

A rationale for using a rotating-bottle method
for dissolution studies on soft gelatin capsules is
expressed, and examples are given by Withey
and Mainville.!” Their dissolution studies on
thirteen brands of commercial chloramphenicol
capsules, using their modified USP apparatus,
showed the soft gelatin capsule brand to release
only 22.3 to 24.8% of its chloramphenicol con-
tent in 30 min, while hard-shell capsule brands
B, and D released 100.7% and 87.2% respec-
tively. Upon change to a rotating-bottle method,
the 30-min recoveries were 100% from the soft
gelatin capsule brand, 82% from brand By, and
70% from brand D. None of these studies have
been correlated with bioavailability data, and
thus, the significance of the difference in results
between the two dissolution methods is not
clear. The difference could be attributed to
greater agitation by the bottle method and less
opportunity for the capsule to adhere to the sides
or bottom of the apparatus. The effect of several
variables on capsule dissolution is discussed by
Hom and associates,® who indicate that the de-
gree of agitation, the pH of the dissolution me-
dium, and the presence or absence of pepsin in
the medium are important to the dissolution of
soft gelatin capsules.

4. The physiologic availability of drugs is
often improved since these capsules contain the
drug in liquid form, i.e., as a liquid drug sub-
stance, drug in solution, or drug in suspension.
Nelson, in his review,'® points out that the avail-
ability of a drug for absorption, from various
types of oral formulations, usually decreases in
the following order: solution, suspension,
powder-filled capsule, compressed tablet, coated
tablet. A study by Wagner and co-workers seems
to confirm both Nelson’s observation and the ef-
fective absorption from soft gelatin capsules.!®
Their study involved the effect of dosage form
on the serum levels of indoxole (solubility in
water 0.1 ug/ml) and showed the serum level
decreased in the following order: emulsion =
soft gelatin capsule (drug in polysorbate 80 solu-
tion), aqueous suspension, powder-filled cap-
sule.

Maconachie, in his review article on soft gela-
tin capsules,?® gives some specific examples of
how this dosage form can improve drug absorp-
tion. His examples involve acetaminophen,®
chlormethiazole,2! and temazepam.?> The
4-hour urinary recovery of acetaminophen from
three soft gelatin rectal suppository formulations
(oil base and water-miscible type base) was
found to be five to eight times greater than from
the traditional fatty type suppository formula-
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tion. The switch from a tablet to a soft gelatin
capsule form not only improved the stability of
chlormethiazole by protecting the drug from oxi-
dation, but increased its bioavailability as evi-
denced by comparative blood levels and by ear-
lier onset of a minor side effect (nose tingling).
Major side effects of the tablet dosage form were
also eliminated or ameliorated. The capsule for-
mulation allowed the use of the liquid drug sub-
stance (chlormethiazole base) rather than the
solid derivatives used in the tablet formulations.
A temazepam soft gelatin formulation, when
compared with hard gelatin capsule formula-
tions of temazepam, nitrazepam, amobarbital
sodium, and a placebo, gave superior bicavaila-
bility as indicated by “onset of sleep.” Further-
more, this was achieved at a lower dosage
(20 mg per soft capsules versus 30 mg per hard
capsule).

In an article on soft gelatin capsules,”® Ebert
discusses and reports on the bioavailability and
content uniformity of digoxin solutions in soft
gelatin capsules. The capsulated solutions were
0.05 mg, 0.10 mg and 0.20 mg of digoxin dis-
solved in a base consisting of polyethylene glycol
400, USP (89.4% w/w); alcohol, USP (6.5%
wiw); propylene glycol, USP (3.4% w/w); and
purified water, USP (0.6% w/w). These capsules
were tested by various investigators for bioavail-
ability in comparison with brand name tablets,
digoxin solution, and digoxin elixir.2*3! In all
studies, the bioavailability of the soft gelatin cap-
sule formulation was found to be superior to the
commercially available tablets. The most sur-
prising finding of all these studies, according to
Ebert, was that the capsulated solution exhib-
ited a more rapid and complete absorption than
did the same solution not encapsulated. The
commercially available tablets contain 20%
more drug than the capsulated solutions. Thus,
the capsule dosage form allows for a significant
reduction in dose for this relatively toxic drug.

Another comparative bioavailability study of
digoxin soft gelatin capsules and tablets was re-
ported by Astorri and co-workers.*? They found
that in heart patients using digoxin, the absorp-
tion of digoxin from the capsulated solution was
36% higher than from the tablet, while in
healthy volunteers absorption from the capsule
was 20% higher than from the tablets.

The bioavailability of theophylline from soft

+ gelatin capsules in comparison to a commer-
cially available liquid aminophylline preparation
and to a nonalcoholic aminophylline solution
was studied by Ebert,>® and by Lesko and co-
workers.** Both studies found that the two dos-
age forms were bioequivalent as measured by
the area under the plasma-level-time curves.

This is an example of the capsule providing a
convenient portable dosage form for a liquid
medication. The capsule also effectively masked
the bitter taste of theophylline.

Papaverine hydrochloride bioavailability from
soft gelatin capsules was studied by Arnold et
al.3® These authors found that the peak blood
level and area under the blood-level-time curve
from soft gelatin capsules were equal to those
obtained from an elixir and superior to those
from a sustained release hard-shell capsule for-
mulation. Healthy volunteers were used in this
study. Lee et al. found not only high blood levels
of papaverine 120 min after a 150-mg dose in
soft gelatin capsules, but a higher degree of vas-
odilation after four doses (150 mg x 4) of the
soft capsule dosage form when compared with
equivalent doses from a sustained-release dos-
age form.*® Patients with severe arteriosclerosis
obliterans were used in the study. Both studies
conclude that the soft gelatin capsule dosage
form shows significant advantage over the sus-
tained release tablet form of the drug.

The bioavailability of diazepam (structurally
similar to that of temazepam, mentioned previ-
ously) was studied by Yamahira et al.*” They
compared diazepam, capsulated in soft gelatin
using a medium-chain triglyceride base, with a
tablet dosage form. They report that when these
dosage forms were repeatedly orally adminis-
tered to an individual subject, the capsule dos-
age form showed a tendency toward faster drug
absorption and superior reproducibility of the
plasma-level-time curve than the tablet dosage
form. This suggests that capsule dosage forms
have a more uniform drug absorption rate than
tablets. The authors suggest that diazepam,
though it is a weak base, was emptied from the
stomach while mostly retained in the lipid, and
this was affected by the movement of the triglyc-
eride in the gastrointestinal tract.

5. The pharmaceutical chemist should cer-
tainly consider the bioavailability potential of
soft gelatin formulations. The biopharmaceuti-
cal characteristics of such formulations can be
altered or adjusted more easily than those of
other solid dosage forms. Through the selection
and use of liquids and combinations of liquids

:"that range from water-immiscible through emul-

sifiable to completely water-miscible, and by al-
tering the type or quantity of thickening or sus-
pending agents, capsule formulations allow the
formulating chemist more flexibility in the de-
sign of a dosage form to fit the biopharmaceuti-
cal specifications of a particular therapeutic
agent.

6. Orally administered drugs, particularly if
used chronically, can be irritating to the stom-
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ach. The dosage form of such drugs can affect
gastric tolerance, as indicated by the studies of
Caldwell et al.*® These authors compared the
degree of irritation or ulcerogenic potential of
soft gelatin capsule formulations of dexametha-
sone with a tablet formulation of the drug. Sev-
eral liquid formulations and tablet formulations
were administered to rats, and both ulcerogenic
potential and bioavailability were determined.
The authors concluded that the liquid or capsule
formulations had a reduced ulcerogenic poten-
tial when compared to the tablet formulation,
and that this effect is apparently not a reflection
of reduced bioavailability.
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PART THREE

Microencapsulation
J. A. BakaN

Microencapsulation is a rapidly expanding tech-
nology. As a process, it is a means of applying
relatively thin coatings to small particles of sol-
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ids or droplets of liquids and dispersions. For the
purpose of this chapter, microencapsulation is
arbitrarily differentiated from macrocoating
techniques in that the former involves the coat-
ing of particles ranging dimensionally from sev-
eral tenths of 2 micron to 5000 microns in size.

% As the technology has developed, it has be-
2% come apparent that the concept offers the indus-

trial pharmacist a new working tool. Microen-
capsulation provides the means of converting
liquids to solids, of altering colloidal and surface
properties, of providing environmental protec-
tion, and of controlling the release characteris-
tics or availability of coated materials. Several of
these properties can be attained by macropack-
aging techniques; however, the uniqueness of



