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INTRODUCTION 

Methods o f  manufacturing supposi tor ies on a product ion 
scale have undergone s i g n i f i c a n t  development i n  recent years, 
almost e n t i r e l y  i n  Europe, i n  the  areas o f  packaging machinery 
and supposi tory bases. 

I t  i s  obvious t h a t  European technology f a r  surpasses 
America's r e l a t i v e l y  l i m i t e d  experience w i t h  t h i s  dosage form. 
This i s  most l i k e l y  due t o  the  American's negative aes the t ic  
value judgement i n  t h i s  area o f  medicament app l i ca t i on  and t h e  
r e s u l t a n t  small market extant.  It is t he  American pharmaceutical 
manufacturer 's g rea t  fo r tune t h a t  the  European demand has pro- 
duced such soph is t i ca ted  methods f o r  t he  l i m i t e d  product ion we 
ca r ry  o u t  on t h i s  s ide o f  t he  A t lan t i c .  

This paper w i l l  explore the  var ious methods t h a t  e x i s t  t o  
produce a packaged suppository and review the  technology and 
t e s t  methods u t i l i z e d  t o  choose supposi tory bases. 

*Paper presented t o  the  Pharmaceutical Processing Section, h e r -  
i can  I n s t i t u t e  o f  Chemical Engineers, Chicago, I l l i n o i s  on 
December 2, 1976. 
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MANUFACTURING SUPPOSITORIES 

COBEN 

The I4olding O f  Supposi tor ies (Out of Package) 

On a small  scale, i n  a l abo ra to ry  o r  a pharmacy, o r  i n  

production, t h e  prepara t ion  o f  suppos i to r ies  from the  pre- 

pared d i l u t i o n  o f  drug i n  base may be c a r r i e d  ou t  i n  th ree  

bas i c ways. 

The f i r s t  and o ldes t  method i s  hand shaping. This i s  

usua l ly  accomplished by weighing a proper p o r t i o n  (usua l l y  

2 Gm.) o f  mass and forming a b a l l  w i t h  the  f i nge rs ,  r o l l i n g  

the b a l l  i n t o  a tube w i t h  a spatu la  on a p i l l  t i l e  ( s ta rch  

should be used as a dus t ing  powder) and shaping the  i nse r -  

ti on end wi t h  addi ti onal pressure whi 1 e r o l l  i ng . 
This method and the  co ld  compression method are  use fu l  

w i t h  ma te r ia l s  which a re  extremely heat l a b i l e .  

Cold compression cons is ts  o f  f o r c i n g  the  mass i n t o  a 

mold (usua l l y  metal)  by pressure. S m a l l  hand-operated presses 

are used i n  the  pharmacy. Larger presses, cons i s t i ng  o f  a 

quadruple mold, a chamber f o r  depos i t ing  the  mass, and a 

screwed s h a f t  at tached t o  a l a r g e r  wheel , may be used i n  l a r -  

ger operat ions.  As the  wheel i s  turned, mass i s  fo rced i n t o  

the  molds. Pressure i s  then released, the  mold removed, f i n -  

i shed pieced removed , the mold rep1 aced, and the  opera t ion  

continued u n t i l  the  mass i s  exhausted. The mold should be 
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MODERN SUPPOSITORY MANUFACTURING 5; 

l ub r i ca ted  w i t h  alcohol  o r  a soap so lu t i on  so t h a t  no s t i c k -  

i n g  occurs. Armstrong, Stokes, and Col ton  have manufactured 

machines o f  t h i s  type. On a l a rge r  scale, Colton manufactures 

a h y d r a u l i c a l l y  operated, motor-driven, c o l d  compressed 

suppository machine. The cy l i nde r  i n  which the  mass i s  placed 

i s  surrounded w i t h  a water j acke t  f o r  coo l ing  purposes. Control 

o f  the  movement o f  the p i s ton  i s  accomplished by e l e c t r i c  push- 

buttons. A l l  co ld  compression u n i t s  use c i r c u l a r  molds (see 

diagram below) and are l i m i t e d  t o  the conical  o r  c y l i n d r i c a l  

shape. 

The genera l l y  accepted method o f  suppository product ion i s  

through the process o f  me l t  molding. It should be mentioned t h a t  

g lycer ina ted  g e l a t i n  supposi tor ies must be me l t  molded. Since 

the  mass i s  designed t o  me l t  c lose t o  body temperature i n  the  

m a j o r i t y  o f  cases, the  mass can be made t o  f l ow  w t th  a minimum 

o f  heat inpu t .  I n  many preparations, care must be taken t o  keep 

the  temperature as low as possible, so t h a t  the  v i s c o s i t y  of 

the  m e l t  w i l l  n o t  f a l l  t o  a p o i n t  which would a l low heavier 

ingred ien ts  t o  seperate out. 
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526 COBEN 

On a small  scale, hand operated molds made o f  var ious 

metals o r  p l a s t i c s  are used. One o r  f i f t y  supposi tor ies may 

be made a t  a t ime using t h i s  method. Most molds o f  t h i s  type 

are hinged on one s ide  and have a screw clamp on the  o ther  s ide 

t o  hold the two sides together t i g h t l y  dur ing the molding oper- 

a t ion .  I f  optimum pressure i s  no t  appl ied, h o t  melted mass may 

seep between the mold halves and produce pieces w i t h  edges o r  

"wings". P l a s t i c  molds have no t  gained as much p o p u l a r i t y  as 

the metal molds due t o  t h e i r  poor heat conduct iv i t y .  The r a t e  

and temperatures o f  coo l ing  must be chosen based on the i n -  

d i v idua l  veh ic le  i n  question. 

I n  pharmaceutical manufacturing operations, where l a r g e  

continuous throughputs are required, two methods have developed 

t o  meet these needs. The f i r s t  i s  an automation o f  the simple 

mel t  molding operat ion.  The second involves pre-forming a mold- 

package by e i t h e r  thermofoming p l a s t i c  o r  embossing f o i l  and 

f i l l i n g  mass i n t o  them. As t h i s  l a t t e r  method invo lves  a combina- 

t i o n  o f  two steps i n  the o v e r a l l  packaging process, t h i s  w i l l  be 

t rea ted  l a t e r  as a seperate subject .  
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MODERN SUPPOSITORY MANUFACTURING 527 

An exce l l en t  example of an automated suppository molding 

operat ion t o  produce an "unpackaged" suppository i s  the  Crespi 

Molding Machine manufactured i n  I t a l y  by Franco Crespi. 

The hear t  o f  the  Crespi operat ion i s  a s e t  o f  80 molds, 

each w i t h  twelve c a v i t i e s  i n  a s t r a i g h t  l i n e .  These molds are 

hinged a t  the  top  f o r  re lease o f  the  f i n i shed  pieces through 

the  opened bottom. The 80 molds are arranged i n  fou r  rows o f  

20 each which s t r e t c h  from the  mouth o f  a r e f r i g e r a t i o n  u n i t  t o  

about two molds past a dual f i l l i n g  s ta t i on .  The two inner  rows 

proceed (d r iven  by an eccent r i c  cam arrangement) stepwise (each 

step the  length  of one mold) past the f i l l i n g  s ta t i ons  where i n -  

d i v idua l  tubes en ter  each c a v i t y  and i n j e c t  molten mass t o  about 

one-eighth i nch  above the  c a v i t y  t o  a l low f o r  shr ink ing  on cool-  

ing.  A t  t h i s  po in t ,  the mass i s  a t  about 40-45OC. As the molds 

proceed toward the coo l ing  u n i t ,  under a p lex ig lass  hood, they 

are exposed t o  a temperature c lose t o  4OC. I n  f r o n t  o f  the  cool-  

i n g  u n i t ,  a t ransfer device switches the molds from the inner  

rows t o  the  outer rows one a t  a time, and they proceed i n  the  

opposite d i rec t i on .  A t  t h i s  stage, or soon therea f te r ,  the  mass 

has usua l l y  s o l i d i f i e d  completely. About halfway back along 

the  ou ts ide  t rack,  the molds pass by scraping s ta t i ons  which 

remove the  excess. s o l i d i f i e d  base above the mold cav i t i es .  

This mater ia l ,  which can be q u i t e  copious (15-20% o f  the  

mass), i s  co l l ec ted  from beneath the t racks  r e g u l a r l y  and 
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528 COBEN 

i s  recycled back i n t o  some p o i n t  i n  the  manufacturing pro- 

cess. A f t e r  scraping, the molds proceed t o  the  v i c i n i t y  of 

the  f i l l i n g  s ta t i ons  where they are  mechanical ly opened, 

re leas ing  the f i n i s h e d  supposi tor ies onto a conveyor b e l t  

which w i l l  l oad  them i n t o  containers f o r  storage. The empty 

molds then move f u r t h e r  pas t  t he  emptying s t a t i o n  t o  a 

t rans fe r  device which switches them back onto the  inner  

t racks.  A t  t h i s  po in t ,  they move one step toward the  

f i l l i n g  s t a t i o n  and are sprayed w i t h  l ub r i can t .  lu'ith f i l l -  

ing, the process repeats. The monitor ing o f  temperatures 

i s  q u i t e  important i n  t h i s  process and recording thermo- 

meters cons tan t ly  read the  machine hopper t o  con t ro l  the  

temperature o f  the  incoming mass, as we l l  as the  f i l l i n g  

head and coo l i ng  t r a c k  temperatures. Again, these tempera- 

tu res  may be var ied  depending on the  nature o f  t he  sup- 

pos i to ry  base employed and i t s  coo l ing  cha rac te r i s t i cs .  

I f  t h i s  i s  n o t  considered, ove r l y  b r i t t l e  o r  u n s o l i d i f i e d  

pieces may r e s u l t .  

A r o t a r y  vers ion  o f  t h i s  machine i s  a l so  ava i lab le .  

The Packaging o f  Molded Supposi tor ies 

I n  the  pharmaceutical dispensing o f  supposi tor ies,  the  

most comnon package i s  a simple cardboard box, d iv ided i n t o  

s i x  o r  twelve compartmer;ts i ns ide  by a t h i n  paperboard d i v i d e r  

as shown below. 
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MODERN SUPPOSITORY MANUFACTURING 529 

Glycer in  supposi tor ies ( fo r  bowel evacuation) are usua l l y  

packaged unseperated i n  glass j a r s .  Very few o ther  suppository 

products are packaged t h i s  way. 

The m a j o r i t y  o f  comnercial supposi tor ies are seperated 

from one another by e i t h e r  i nd i v idua l  wrapping o r  wrapping i n  

s t r i p s  o f  paper, f o i l ,  o r  p l a s t i c  construct ion.  

The f i r s t  method o f  accomplishing the i nd i v idua l  wrapping 

function, and one s t i l l  employed by some f i rms, was the use 

o f  a candy wrapping machine, such as the type manufactured by 

the  Forgrove Machinery Company, Ltd., o f  Leeds, England. 

I n  t h i s  s o r t  o f  operation, usua l ly  ca r r i ed  ou t  i n  an 

a i r  condi t ioned room o r  on " c h i l l e d "  suppositories, the  

piece i s  f ed  from a hopper (o r  by hand, depending on the  

machine) t o  the center o f  a s t r i p  o f  wrapping mater ia l .  This 

may be anything from waxed paper t o  a medium gauge aluminum 

f o i l ,  depending on the s t a b i l i t y  o r  v u l n e r a b i l i t y  o f  the 

product. A f t e r  the piece i s  posi t ioned, the mater ia l  i s  c u t  

t o  length and fo lded back over the  piece, producing a tube. 

The semi-wrapped piece i s  then picked up by a rubber padded 

clamp, the  ends o f  the  tube of mater ia l  are tw is ted  by clamps 
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530 COBEN 

and the wrapped piece is  moved forward t o  an ejecting position 

where i t  i s  allowed to  f a l l  down a chute. This machine can 

wrap about 7000 pieces an hour in th i s  fashion. 

The two methods of s t r i p  packaging suppositories which 

were previously manufactured on other equipment both consist  

of heat sealing material around the uni ts .  

In the f i r s t  method, aluminum fo i l  i s  sealed around the 

units.  An example of th i s  operation i s  the Uhlmann VllO/S. 

Two ro? ls  of hot-sealing aluminum f o i l ,  such as aluminum 

blank 25-30 mn o r  cellulose backed aluminum 12-15 mm, are  fed 

through a system o f  rol lers .  These ro l le rs  are designed t o  

hold the tension on the sheets a t  a low level b u t  w i t h o u t  

producing slack. 

These two sheets feed between the jaws of a heat seal-  

ing device, with variable temperature, whereupon a supposi- 

tory i s  fed onto the lower sheet. A t  t h i s  point, the  sheets 

are  held f a i r ly  taught. The heat seal jaws close,  sealing 

the fo i l  sheets together on a l l  four sides of the suppos i -  

tor ies ,  and simultaneously cut a perforation in the fo i l  

between pieces. The raw suppositories are fed by means of a 

rotating disc which can e i ther  be manually o r  automatically 

fed. 

After the wrapping has taken place, excess f o i l  i s  

trimned off by means of ro l l e r  knives and the s t r i p s  are  

cut into cartonable lengths. The fo i l  may be purchased w i t h  D
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MODERN SUPPOSITORY MANUFACTURING 53 1 

adver t i s ing  i f  desired. The output o f  t h i s  machine i s  5500- 

6500 supposi tor ies per hour. 

The second method consists o f  thermoforming a package 

i n  two halves, p lac ing  the  piece i n  one h a l f  and seal ing the 

halves. An example o f  t h i s  process i s  the  Uhlmann KPIL 

machine. 

Two r o l l s  of therinofonnable p l a s t i c  f i l m  (eg. PVC-Aclar 

o r  PVC-Polyethylene) are fed througn a heat ing p la te .  When 

p l a s t i f i c a t i o n  temperature has been reached, the  f i l m s  are 

passed t o  the  vacuum forming s t a t i o n  where each i s  thermo- 

formed on a female mold by means of compressed a i r .  The sup- 

pos i to r i es  are fed i n t o  the  formed open halves by v ib ra to rs  

and tubes. The two halves and supposi tor ies then go through 

a heat seal ing s t a t i o n  t o  form the  package which i s  then 

cooled and perforated. This f i l m  may also be p r in ted  before- 

hand. This type o f  machine can package as many as 25,000 

supposi tor ies per hour. 

The most s i g n i f i c a n t  advance i n  suppository manufactur- 

i n g  i n  recent times was the  development o f  methods f o r  mold- 

i n g  the  suppository d i r e c t l y  i n  i t s  own wrapping. Both f o i l  

and p l a s t i c  versions o f  t h i s  technique have been developed. 

The problems w i t h  t h i s  s o r t  o f  an operat ion are re la ted  

t o  the  shape o f  t he  piece desired and the  completeness o f  the  D
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532 COBEN 

seal between pieces. The form of the finished product must be 

defined by the wrapping material absolutely now, rather than 

simply providing an adequate cover. An insuff ic ient  seal a t  

any point along the perimeter of the suppositories would 

have the same ef fec t  as a mold with insuff ic ient  pressure: 

edge production, 

Dott. Bonapace & Company of Milan, I ta ly  manufacture a 

l i ne  of f i l l i n g  machines which in jec t  melted suppository mass 

into pre-molded PVC “Rotoplast“ containers. Model BP-4/6 has 

a throughput o f  5,400 suppositories per bur whereas model 

BP-?2/13 can form 12,000 per hour, both u t i l i z i n g  only one 

operator. 

As received, the “Rotoplast” containers a re  open a t  the 

top and i n  ro l l s .  The  l i ne  of opened pre-fonned containers 

i s  fed under a three nozzle dosing u n i t  which in jec ts  a pre- 

measured amount of mass into each container. The temperature 

of the s ta in less  s teel  vessel which holds the melted mass 

and tha t  of the dosing uni t  are thermostatically controlled 

within 0.5”C. The f i l l e d  containers are t h e n  conveyed onto 

a supporting disc on a rotating table.  Cn this table ,  they 

are  cooled by means of a closed c i r cu i t  a i r  conditioning 

u n i t ,  set t o  any desired temperature, fo r  a min imum of f i f -  

teen minutes. This slow cooling i s  designed t o  avoid the 

deformations and cracking which can occur w i t h  cer ta in  bases 

i f  cooling i s  carried out a t  a too rapid rate .  The table  

then  rotates  t o  present the sol idif ied container reel t o  
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MODERN SUPPOSITORY MANUFACTURING 533 

the  entrance o f  the seal ing u n i t  and an empty d isc  a t  the  

e x i t  o f  the dosing u n i t .  There are f i v e  discs on the  tab le  

a t  any one time. On the seal ing u n i t ,  the upper p a r t  o f  the 

containers are preheated by i n f r a r e d  rays and passed through 

sea l ing  jaws. The sealed containers are trimned on t h e i r  top  

edge and are c u t  i n t o  p respec i f ied  lengths o f  from 2-3 sup- 

pos i to r i es .  A coding device then impr in ts  the package which 

f i n a l l y  passes a counting u n i t .  

A machine b u i l t  on the same p r inc ip le ,  bu t  using a f i l m  

o f  PVC (90 micron) and Polyethylene (30 micron) as a protec- 

t i v e  package, i s  manufactured by Lamp S .  Prosper0 of Modena, 

I t a l y .  

The f i n a l  category o f  in-package suppository molding 

machinery are those machines which accomplish both the  pack- 

age forming func t i on  and the  f i l l i n g  and seal ing funct ions,  

a l l  i n  the  same u n i t .  These types o f  machines are b u i l d  by 

the H o f l i g e r  and Karg (H&K) f i r m  o f  West Germany. 

One o f  these, t h e i r  model Servac 162S, has a thermo- 

forming operat ion s i m i l a r  t o  .the Uhlmann KPIL prev ious ly  

described. PVC thermoformed containers are l e d  through 

dosing, sea l ing  and r e f r i g e r a t i o n  segments i n  a s i m i l a r  

manner t o  t h e i r  Servac 200s machine, which i s  described i n  

d e t a i l  below. The Servac 200s uses a f o i l  laminate as a 

packaging mater ia l .  

Two r o l l s  o f  40 micron aluminum f o i l ,  laminated w i t h  

12.5 micron or ien ted  polypropylene, i n s i d e  coated w i t h  heat- 
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534 COBEN 

sealable lacquer, w i t h  web widths o f  from 50 nm t o  65 mm, 

are loaded onto spr ing-held sprockets. The r a t e  and tension 

o f  the f i l m  p u l l - o f f  i s  con t ro l l ed  by an electromagnetic 

brake c lu tch .  Both f i l m  s t r i p s  are fed i n t o  a c u t t i n g  sta- 

t i o n  which d i v ides  each segment i n t o  s i x  sect ions,  each t o  

contain one suppository. The c u t t i n g  step i s  t o  a l low f o r  

spreading o f  the  f i l m  ra the r  than tea r ing  dur ing  the  em- 

bossing step. The embossing t o o l  , constructed t o  i n d i v i d u a l  

shape preference, may be adjusted s l i g h t l y  up t o  the  l i m i t s  

o f  sheet s t r e t c h a b i l i t y .  A t  t h i s  s ta t i on ,  the f i l m  i s  

shaped t o  the f i n a l  dimensions o f  the  desired f i n i shed  sup- 

posi  t o ry .  

The embossed s t r i p s  are then guided by r o l l e r s  i n t c  a 

A h o r i z o n t a l l y  arranged V-shaped posi  t i o n e r  sea l ing  t o o l .  

separates the  s t r i p s  a t  the  f i l l i n g  end so t h a t  ma te r ia l  

s about may enter a t  t h a t  po in t .  The sea l ing  temperature 

1 5 O O C .  

The ho t  me l t  is pumped i n t o  f i l l i n g  chambers from the 

feed hopper by an *adjustable p o s i t i o n  displacement pump. 

During f i l l i n g ,  the  i n take  holes are closed and the  pump 

plungers serve t o  empty the  chambers. The e n t i r e  u n i t  i s  

kept warn by c i r c u l a t i n g  h o t  water. 

Af ter  f i l l i n g ,  t he  depth o f  which may be adjusted 

dur ing  operat ion fo r  weight con t ro l  , the f i l l e d  containers 

pass through a f i n a l  sea l ing  u n i t  which closes the  f i l l i n g  D
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MODERN SUPPOSITORY MANUFACTURING 535 

holes. The sheet i s  then fed  by a system o f  synchronously 

con t ro l l ed  clamping jaws, s ince r o l l e r s  would no longer 

be appl icable,  t o  a c u t t i n g  s t a t i o n  which d i v ides  the  s t r i p  

i n t o  segments o f  24 t o  30 supposi tor ies each. Package s i ze  

c u t t i n g  i s  then accomplished by r o t a r y  knives. Using t h i n  

v e r t i c a l  r o l l  ers, pos i t ioned between the supposi tor ies , the 

c u t  s t r i p s  are fed  onto a conveyor b e l t  which ca r r i es  the 

s t r i p s  through the coo l ing  s t a t i o n  which i s  usua l l y  be- 

tween 10 C. - 2OC. depending on mater ia l .  A f t e r  s o l i d i f i c a -  

t ion ,  the  pieces are discharged f o r  f u r t h e r  cartoning. 

About 12,000 supposi tor ies an hour can be made t h i s  way. 

The advantages o f  t h i s  type o f  operat ion are many. 

Bulk handling costs are decreased subs tan t i a l l y  because o f  

t he  obv ia t ion  o f  an intermediate form (unwrapped pieces). 

No salvage i s  generated t o  be recycled i n t o  l a t e r  batches. 

S t r i c t  temperature cont ro l  i s  always maintained. A minimum 

o f  operat ion t ime i s  needed f o r  a high product ion ra te .  

SUPPOSITORY BASE TECHNOLOGY 

With the  exception o f  t he  polyethylene g lyco ls ,  

( u t i l i z e d  f o r  r a p i d  p a r t i t i o n i n g  o f  hyd roph i l i c  a c t i v e  i n -  

gredients i n  supposi tor ies intended f o r  systemic e f fec ts ) ,  

a l l  suppository bases are na tura l  o r  semi-synthetic mixtures 

o f  f a t t y  ac id  t r i g l yce r ides .  

The proper t ies  sought i n  an idea l  base are as fo l lows:  

1. S o l i d  a t  room temperature - no r e f r i g e r a t i o n  required. 

2. Rapid me l t i ng  a t  any body temperature (35.5OC - 38.5%). 
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536 COBEN 

3. Non-reactive w i t h  a c t i v e  ingred ien ts  and adjustments. 

4. N o n - i r r i t a t i n g  t o  r e c t a l  mucosa. 

5 .  Good chemical and physical  s t a b i l i t y .  

I f  the  proper mix tu re  o f  t r i g l y c e r i d e s  i s  chosen, and 

i f  your drug doesn' t  hydrolyze f a t t y  ac id  esters, there  i s  

an exce l l en t  chance o f  meeting a l l  the  above requirements. 

Chemically, t r i g l y c e r i d e s  are f a t t y  ac id  t r i - e s t e r s  o f  

g l yce r in  (see below), The i r  s t ruc tu res  are abbreviated by 

using an E and the  f i r s t  l e t t e r s  o f  the  f a t t y  acids e s t e r i -  

f i ed .  The most c m n  f a t t y  acids found i n  these compounds 

are l i s t e d  below. 

C12 = l a u r i c  C18 = s t e a r i c  

C14 = m y r i s t i c  

C16 = p a l m i t i c  

C18(1) = o l e i c  

C18(2) = l i n o l e i c  

T r ig l yce r ide  St ruc ture  

H 

H3C - 

H3C - 

- c  
8 H -- I 

- c -  
I 

I 
- c -  
- c -  

I 

H 

H 
- C - (CH2)n - CH3 

II 
0 

0 H 

eg. 2 - OLEO PALMITO STEARIN (found i n  Cocoa Bu t te r )  
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MODERN SUPPOSITORY MANUFACTURING 537 

As can be seen above, a t r i g l y c e r i d e  may be i d e n t i f i e d  by de- 

f i n ing  on ly  i t s  middle component. 

The on ly  n a t u r a l l y  occuring mix tu re  o f  t r i g l y c e r i d e s  

which approximates meeting the  above requirements i s  Cocoa 

But te r  o r  Theobrma O i l .  Un l i ke  the  semi-synthetic bases d i s -  

cussed below, Cocoa But te r  contains a l a rge  percentage 

(about 40%) o f  unsaturated f a t t y  acids moieties, mainly 2- 

oleopalmitostear in.  Because o f  t h i s ,  i t  has a lower me l t ing  

range than i d e a l l y  desired. (32-25OC as opposed t o  34-36OC) 

I t ' s  polymorphic behavior i s  widely documented and, being a 

na tura l  product, i t  i s  subject  t o  f a i r l y  wide batch t o  

batch va r ia t i on .  

Semi-synthetic bases are made by three basic pro- 

cesses, each aimed a t  producting a mix o f  t r i g l y c e r i d e s  

which me l t  i n  the range o f  i n te res t .  

The l e a s t  c o s t l y  method s t a r t s  w i t h  Corn O i l  which i s  

hydrogenated t o  reduce unsaturat ion (eg. o l e i c  + s tea r i c )  

thereby increasing the  percentage o f  sol  i d  t r i g l y c e r i d e s  

a t  room temperature. The lower me l t ing  t r i g l y c e r i d e s  are 

then removed e i t h e r  by pressing o r  by so lvent  ex t rac t ion .  

This s o r t  o f  process produces what i s  known t o  f a t s  and 

o i l s  manufacturers as a "hard bu t te r " .  (See inexpensive 

process, f i g u r e  A.) 

A moderate method o f  narrowing the  na tura l  spread o f  

v a r i a t i o n  i n  t r i g l y c e r i d e  mel t ing  po in ts  t o  achieve a mix D
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538 COBEN 

with a t i g h t e r  me1 t i n g  range involves i n te res te r i f i ca t i on .  

I n  t h i s  process, Palm O i l ,  Palm Kernel O i l ,  and Coconut 

O i l  (chosen f o r  high l a u r i c  ac id  moiety content) are re-  

f ined t o  remove any f ree  f a t t y  acids, deoderized t o  remove 

vo lat i les ,  hydrogenated as above and then in te res te r i f i ed .  

This f i n a l  step e f f e c t i v e l y  d i s t r i bu tes  a l l  the f a t t y  

acid moieties more equal ly among the g l yce r in  molecules, 

creat ing a s t a t i s t i c a l  curve o f  t r i g l y c e r i d e  melt ing 

points. Sodium Methoxide i s  the ca ta l ys t  f o r  t h i s  re- 

action. (See moderate process, f i g .  A )  

The premium method, and the most versat i le ,  involves 

re-ester i f icat ion.  Coconut O i l  i s  hydrolyzed i n t o  g l yce r in  

and i t s  component f a t t y  acids. The f a t t y  acids are sepa- 

rated by f rac t i ona l  d i s t i l l a t i o n ,  the desired r a t i o  i s  

chosen, ;Ind these acids are re -es te r i f i ed  w i th  the glycer-  

in,  producing a "customized product". This process i s  only 

ca r r i ed  out  i n  Europe a t  present. (See premium process, 

f i g .  A) 

TESTING OF SYNTHETIC BASES 

I n  order t o  evaluate a suppository base f o r  i nd i v id -  

ua l  product requirements, the f o l  lowing parameters are 

usual ly  investigated. 
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MODERN SUPPOSITORY MANUFACTURING 

INEXPENSIVE PROCESS 

539 

Corn O i l  

Hydrogenate (Decrease Unsat., Increase sol  i ds )  
4, 
/ I  

L d  
Sol vent Press Out 

Extract ion Liquids 

"Hard Butter"  

MODERATE PROCESS 

Palm O i l ,  Palm Kernal O i l  (PKO), Coconut O i l  

Refine (Remove Free Fat ty  Acids) 

Deoderi ze (Remove Volat i  les) 

Hydrogenate 

I n t e r e s t e r i f y  

b b  

& 

3/ 
1 

EXPENSIVE PROCESS 

Fatty Acids Glycerin 

Fractional 
D i  s t i  1 1 a t i o n  

Choose Desired 
Ratio 

Re-es t e r i  fy 

Figure A. 
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540 COBEN 

Sol id  Fat Index 

A useful p r o f i l e  o f  the character o f  a synthet ic 

suppository base i s  i t s  So l i d  Fat Index. This i s  a graph 

which p lo t s  % so l ids versus temperature. From t h i s  graph, 

one can v i s u a l l y  determine the s o l i d i f i c a t i o n  and mel t ing 

ranges, the molding character o f  the base, i t s  surface 

feel, and i t s  

% Solids 

"snap" or  hardness. 

20 25 30 35 40 45 

Temperature C 

Looking a t  bases A, B, and C above, one can see the var- 

i a t i o n  in d i f f e r e n t  bases avai lab le on the market i n  terms 

o f  s o l i d  content i n  various temperature zones. 

The f i r s t  parameter t o  be seen i s  mel t ing p o i n t  o r  zero 

sol ids.  Even though base A has a high melt ing point ,  i t  may 

s t i l l  be too s o f t  a t  room temperature, because o f  i t ' s  low 
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MODERN SUPPOSITORY MANUFACTURING 54 1 

sol ids content a t  25OC, and require re f r igerat ion.  This i s  

because d i f f e r e n t  t r i g l yce r ides  i n  the base are melt ing i n  

various regions. This i s  also why the melt ing po in t  o f  a 

base i s  not necessarily a measure o f  i t s  melt ing properties. 

The s o l i d i f i c a t i o n  po in t  i s  the po in t  a t  which most o f  

the room temperature s o l i d  content s t a r t s  t o  melt. The area 

between the melt ing and s o l i d i f i c a t i o n  points i s  ca l led the 

melt ing range. Note the va r ia t i on  i n  melt ing range between 

re -es te r i f i ed  base C and solvent extracted base A. 

The hardness o f  a suppository w i l l  be determined by 

the so l ids content a t  room temperature. Base C w i l l  be qu i te  

hard and have a good "snap". 

Since f i nge r  temperature i s  about 32OC, one can p red ic t  

the fee l  o f  the suppository i n  the hand by the so l ids con- 

ten t  a t  t ha t  temperature. A dry hand fee l  can be expected o f  

bases exhib i t ing a sol ids content over 30% a t  32OC. 

Molding character is t ics  o f  bases can be predicted from 

the slope o f  the curve between molding (mass) temperature 

and room temperature. I f  base C was cooled too rapidly,  i t  

would be qu i te  b r i t t l e ,  whereas base A would not. I n  order 

t o  properly form base C i n t o  suppositories, a slow cooling 

process must be employed. 

The properties desired i n  any base must be determined 

by therapeutic and marketing object ive f o r  each product 

formul ated. D
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542 COBEN 

Di latometry 

Sol id Fat Index curves are generated from Di latometry 

data. A dilatometer i s  a device for  measuring the volume 

differences in materials over a temperature range. I t  con- 

s i s t s  of a chamber connected to  a long, narrow vertical  

column . 

Q 

The column i s  graduated in micro-liters u p  t o  1400. 

About 1.5 m l  of a 1% Potassium Dichromate solution i s  p u t  

i n  f i r s t ,  followed by molten base a t  about 6 O O C .  The chamber 

top i s  carefully attached, as not t o  introduce any a i r  into 

the material, and is  secured w i t h  s ta inless  s teel  springs. 

The entire apparatus is  placed i n  a constant temperature 

bath so that  only the indicator solution is  above the water 

level. 

Temperatures are  changed and allowed to  equi l ibrate  and 

volume readings (corrected f o r  glass expansion) are  graphed. 

Lines are  extrapolated f o r  the a l l  l iquid and a l l  solid 

portions and proportional distances a re  used t o  calculate 

percent solids.  For example, i n  the above graph, the percent 

sol ids  i s  AE3 X 100% a t  350~. 
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MODERN SUPPOSITORY MANUFACTURING 54 3 

0 10 20 30 40 50 60 

Temperature O C 

Modif ied Krowczynski Test o r  'So f ten ing  Time" 

A use fu l  t e s t  o f  f i n i shed  supposi tor ies i s  a simple 

mod i f i ca t i on  o f  the  method developed i n  Poland by Lesek 

Krowczynski. It consists o f  a U-tube w i t h  a c o n s t r i c t i o n  

which holds the  suppository i n  the tube, which i s  submersed 

i n  a constant temperature water bath. The bath, which may 

be s e t  a t  var ious temperatures o f  i n t e r e s t ,  should be con- 

t r o l l e d  w i t h i n  0.1"C. A u n i t  w i t h  both coo l ing  and heat ing 

c a p a b i l i t i e s  i s  suggested f o r  t h i s  accuracy i n  the  37OC 

range. 

A g lass rod  i s  placed a t  t he  top  o f  the  suppository, 

The t ime f o r  t he  rod  t o  pass completely through t o  the  

c o n s t r i c t i o n  i s  recorded as the  "sof tening time". This may 

be p l o t t e d  versus temperature, used as a q u a l i t y  con t ro l  

parameter, o r  used as a measure o f  physical  s t a b i l i t y  

over t ime (See f i g u r e  B )  
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MODIFIED KROWCZYNSKI TEST "SOFTENING 

I 

TIME" 

TIME 
(min.)  

37 36.5 36.0 35.5 
Temperature ("C) 

Figure B 
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MODERN SUPPOSITORY MANUFACTURING 

OTHER TESTS 

545 

The Sapon i f i ca t ion  Vdlue i s  the  mg o f  KOH needed t o  

saponify 1 Gm. o f  f a t .  The usual range i s  around 200. 

This i s  useful  i n  judging the  amount and type o f  g lycer -  

ides t h a t  are present. 

The Hydroxyl Value (range 10-75) i s  t he  mg o f  KOH which 

would neu t ra l i ze  the Acet ic Acid acetylated by 1 Gm. o f  

f a t .  This i s  a measure o f  unes te r i f i ed  g lycer ide  bonds 

and a measure o f  s t a b i l i t y  f o r  a c i d i c  a c t i v e  ingredients.  

The Iodine Value (Number), a measure o f  unsaturation, i s  

the  number o f  weight par ts  o f  Iodine able t o  bond 100 

weight pa r t s  o f  f a t  (range 1-7). This and the  Peroxide 

Number (meq. o f  Oxygen i n  1 Kg. o f  f a t )  are measures o f  

ease o f  ox ida t i ve  decomposition and ranc id i t y .  

The Acid Number, usua l ly  q u i t e  low, i s  the mg. o f  KOH 

needed t o  neu t ra l i ze  the  acids present i n  1 Gm. o f  f a t .  

This pH t e s t  w i l l  show res idua l  f a t t y  acids. 

The Iodine Color Number (usua l ly  around 3 )  i s  the  mg. 

o f  f r e e  I 2  i n  1 O h l  o f  K I  so lu t i on  t o  produce the  shade 

of the sample i n  a 25 mn layer.  

The S o l i d i f i c a t i o n  Po in t  (Shukoff Method) i s  a temperature 

versus t ime p l o t  o f  the cool ing r a t e  o f  a f a t  i n  a vacuum 

f lask.  A t  the  cessat ion o f  rap id  temperature drop, the  

p o i n t  i s  taken. 
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CONCLUSION 

A wide range of equipment i s  available fo r  producing 

this dosage form. The best method fo r  each application 

must be based on throughput requirements and the special 

problems unique t o  each product. 

Since the base i s  the single most important para- 

meter effecting the manufacturing and molding proceses, 

i t  behooves both the formulator and the process sc i en t i s t  

to  understand as many properties of these materials as 

possible. 
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