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ABSTHACT 

The paper describes the development o f  the f i r s t  injection-moulded 

pharmaceutical capsules. Starch and gelat in capsules have been prepared and 

the processing conditions and properties of  the resul t ing starch1 capsules are 

considered in detail. Comparisons are made between the proce.ssing of  

therrnoplastics arid starch and gelat in and the starch capsule is compared w i t h  

the conventional, dip-moulded hard gelat in capsule. 

IN T ROOUC T ION 

The use o f  gellatin for  the product ion o f  pharmaceut.ica1 capsules has now 

been established for- rnore than a century, although Lehubly made starch 

capsules in 1846. The traditional, dip-moulding process by which gelat in 

capsules are prepared has undergone many imlprovernenlts. I t  einploys 

approxirnately 30% aqueous solutions o f  gelat in w i t h  the subsequent removal  

by drying o f  the greatest p a r t  (90%) of the water  f rom ithe shaped, ha l f -  

finished product. The drying i s  time-consuming and involves high product ion 

costs. In addition, the handling o f  aqueous gelat in  solutions a t  40 - 50° C raises 

the probabi l i ty  o f  bacter ia l  growth. 
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2114 EITH ET AL. 

The drying procedure is obviated if t h e  water con ten t  of t h e  s t a r t i ng  

mater ia l  and t h e  end-product are t h e  same and remain constant  during 

processing. In principle, t h e  constancy of wa te r  con ten t  can  be  achieved by 

producing hard capsules using thermoplast ics  processing techniques. The s ize  

and shape of t h e  product and t h e  constancy of wa te r  con ten t  def ine injection 

moulding as t h e  preferred technique. A t  t h e  same t ime,  injection moulding 

gives a product with precise dimensions. 

R e c e n t  investigations have shown t h a t  i t  is possible t o  form gelatin and 

s t a r c h  capsules by injection moulding. The injection-moulded capsule is not  

only a step-forward in capsule production, bu t  also in  polymer processing 

technology. I t  is t h e  first use of e levated t empera tu res  t o  injection mould 

nat ive polymer mater ia ls  having high water con ten t s  into s table  shaped 

articles.  

The present  paper  describes t h e  development of injection-moulded s t a rch  

and gelatin capsules and concen t r a t e s  in par t icular  on t h e  processing 

conditions and propert ies  of t he  result ing s t a r c h  capsules. 

THE INJECTION MOULDING PROCESS 

Injection moulding is widely used for  processing so-called thermoplast ic  

polymers; those which, on heating, form a me l t  of high viscosity (typically lo3 
t o  105 Pa s, i.e. 104 t o  106 P at processing temperatures).  it is also sometimes 

used for  processing thermoset t ing materials;  those which react on heating. 

The process may be described3 with r e fe rence  t o  f ig  1, which is a 

schemat i c  drawing of t he  polymer-processing pa r t s  of a conventional 

injection-moulding machine. Solid polymer in t h e  fo rm of a powder, or, more  

usually, granules or pel le ts  is f ed  through the  hopper on to  a rotating, 

reciprocating screw. The  f eed  ma te r i a l  moves along t h e  screw towards t h e  tip. 

During this  process, its t empera tu re  is increased by means of external  hea t e r s  

around t h e  outside of t h e  barrel  and by t h e  shearing act ion of t h e  screw. 
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2116 E I T H  ET A L .  

Star t ing in the feed zone and cont inuing in the compression zone, the 

par t icu la te feed becomes gradually molten. It is  then conveyed through the 

meter ing zone, where homogenisation o f  the  m e l t  occurs, t o  the end o f  the 

screw. N o t i c e  that, over the compression zone, the  diameter o f  the core o f  the  

screw increases towards the  tip. Thus, the  feed is  compressed as it i s  

transported. The compression is  impor tant  f o r  providing f r i c t i o n  t o  aid me l t ing  

and f o r  the exclusion o f  a i r  f r o m  the par t icu la te feed in order t o  obtain a 

homogeneous melt. 

Whilst the screw is rotating, the e x i t  f r o m  the  barre l  t o  the mould is 

closed, e i ther  through a shut-of f  nozzle or by solidified, previously in jected 

material. Hence, m e l t  transported t o  the end o f  the screw must be 

accommodated w i t h i n  the barre l  beyond the non-return valve. To enable th is 

t o  occur the  screw moves backwards as it rotates. This 'reciprocating', axial  

movement takes place against a predetermined, hydraul ic back-pressure which 

also aids the un i fo rmi ty  o f  feed and homogeneity o f  melt. 

When suf f ic ient  m e l t  has co l lected fo r  in ject ion o f  the nex t  shot, ro ta t ion  

o f  the screw stops whi ls t  the polymer in the mould f ina l ly  cools suf f ic ient ly  

fo r  the mould t o  be opened and the moulded p a r t  or par ts  ejected. The mould 

then closes and the screw moves fo rward  quickly under high pressure, in ject ing 

mol ten  polymer and r e f i l l i n g  the mould cavities. Pressures between 700 - 2000 

bar are used in the in ject ion p a r t  o f  the cyc le  and the non-return valve a t  the 

end of the screw ensures tha t  m e l t  does no t  f l o w  back along the screw during 

injection. 

Throughout the process, the mould is kept  below the glass-transition or 

mel t ing  temperature o f  the polymer. As polymer i s  cool ing in the mould, the 

gate or entrance t o  the mould contains m e l t  which is  kept  under a holding 

pressure. Thus, the m e l t  in the mould contracts and becomes compressed by  

the re la t ive ly  slow in ject ion o f  a smal l  volume o f  melt .  In ject ion continues 

until the mater ia l  in the gate has solidified. The screw then commences 

ro ta t ion  and backward ax ia l  movement t o  s ta r t  the nex t  cycle. The conditions 

o f  secondary in ject ion are so arranged tha t  the mould i s  f ina l ly  f i l l ed  w i t h  the 

correct  amount o f  solid material. 
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THE INJECTION-MOULDED CAPSULE 2 1 1 7  

The in ject ion moulding cyc le  is summarised in f i g  2. The t.iime for a 

complete cyc le  is usually al few seconds. 

T hermoDlastics 

Table 1 gives examples o f  the temperatures used f o r  the in ject ion 

moulding o f  some common thermoplastics in re la t ion t o  the i r  mel t ing and 

glass-transition temperatures. The temperature o f  the mel t  in the barre l  is  

always higher than T,, for  crystall isable polymers and higiher than Tg for  non- 

crystall isable polymers (e.g. polystyrene). The higher the temperature o f  the 

melt, the lower is i t s  viscosity and the easier is f low and inould fi l l ing. 

However, the temperature i s  l imi ted,  as degradation o f  the polymer must be 

avoided and solidif ica,tion i n  the mould should no t  take too long. Ant ioxidants 

are sometimes added against degradation and plasticisers t o  aid flow. The 

temperature in the mould dictates the r a t e  o f  cooling and1 complete f i l l i ng  

should be achieved before sol id i f icat ion starts. In addition, the structure o f  the 

inater ia l  formed is a f fected by the cooling rate. To a id  eject ion o f  the 

moulded part, mould-release agents are sometimes used als additives t o  the 

feed or are sprayed oi i to the surfaces o f  the mould cavities. They reduce 

adhesion between the moulded par t  and the mould. 

Capsules f r o m  Starch and Gelat in  

The mater ia i  o f  which a hard capsule is t o  be made must be edible and 

have a dissolution/disintegration behaviour whilch gives sat isfactory 

bioavai labi l i ty  o f  i t s  contents. In addition, t o  be processed Iby in ject ion 

moulding, the mater ia l  used must have properties consistent witlh the 

requirernents of  the process, namely: 

- m e l t  format ion a t  the processing temperature wi thout  the ionset o f  

the r rn a 1 d e gr ad a 1: ion 

- the m e l t  should have a viscosity which allows the inould t o  be f i l l ed  a t  the 

in ject ion pressure used 
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2118 E I T H  ET AL.  

screw rotation 
and 
m el t collection 
for next shot 

FIGURE 2 

Summary of t he  injection-moulding cycle,  showing 
synchronisation of screw and mould operations. 

Screw Mould 

1 - 2  rotation and backward closed : cooling of moulded 
move men t pa r t  

2 - 3  stationary: collected mel t  closed : cooling of moulded 
in front of screw par t  

3 - 4  stationary: collected mel t  opened - moulded par t  
in front of screw ejected __r closed 

4+5  forward movement under closed : mould fi l ls  with 
' injection pressure melt  

5 + 1  slow secondary injection closed : filling completed,  
under holding pressure moulded pa r t  s t a r t s  cooling 
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THE INJECTION-MOULDED CAPSULE 

TABLE 1 

2119 

Temperatures used fo r  the in ject ion moulding o f  thermoplastics 

Polymer" M e l t  Temp/O C Mould Temp/O C TIlfo C: Tm/O C 

LDPE 180 - 250 20 - 40 - l 1 0  115 

HDPE 220 - 300 20 - 60 - l 1 0  134 

PP 230 - 280 20 - 60 - 10 165 

PS 170 - 280 10 - 60 9GI - 100 - 
Nylon 6,6 260 .- 290 40 - 90 50 240 

* LDPE - low-density (branched) polyethylene; HDPE - high-density 

polyethylene; PP - polypropylene; PS - polystyrene. 

- mould release shlould occur wi thout  plast ic deformatiioii or rupture o f  the 
product 

- the moulded capsule must be suf f ic ient ly  strong f o r  sat isfactory f i l l i ng  
and s tab i l i ty  o f  shape during subsequent use. 

Wi th starch and gelatin, the amount o f  water present markedly a f fec ts  

processing properties. In this respect, the water  adsorpticin behaviour i s  o f  

pr ime importance. Fig 3 shows tha t  the ge1atin/water4y5 arid starch/water 

systems6 have simi lar  adsorption isotherms. For both systems in f i xed  

volumes, the phase separation o f  pure water  does not  occiur on rais ing the 

temperature. Even a t  temperatures higher than l o o o  C this was found t o  be 

true. In addition, it was found tha t  in ject ion moulding was possihle as 

gelat in/water and starch/water mix tures o f  equi l ibr ium water  content  a t  

ambient temperatures and humidi t ies (13 - 14%) gave mater ia ls  'which f lowed 

sat isfactor i ly  wi thout degradation in the temperature range 140 - 1 9 0 O  C. 

A t  th is point, an essential d i f ference between the i r i ject ion moulding 

process and the dip-moulding process fo r  gelatiln should be remernbered. The 

slow drying o f  the gelat in/water mix tu re  t o  13 '- 14% water  in the dip- 
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2120 EITH ET A L .  

FIGURE 3 

Adsorption isotherms of t h e  q e l a t i n / ~ a t e r ~ , ~  and s t a r c h / w a t e r  
system&. Curves: 1. ge la t in  200 C; 
2. gelat in  60° C; 3. s t a r c h  20° C; 4. s t a r c h  6 7 O  C. 

moulding process allows fibrils t o  form7. As s t a t ed ,  this amount  of wate r  
corresponds to t h a t  given by the  adsorption isotherm fo r  ambien t  conditions 
(curve 1, fig 3). The  fibrils  give a network s t r u c t u r e  t o  t h e  material ,  endowing 
suff ic ient  rigidity and toughness at ambien t  temperatures.  With t h e  more  

rapid, injection-moulding process, t h e  me l t  of gelat in/water  a t  13 - 14% w a t e r  
sets t o  a n  amorphous ma te r i a l  at  room temperature .  Fig 4 shows t h e  variation 
of glass-transition t empera tu re  (Tg) with w a t e r  con ten t  for  t h e  gelatin/water7 
and s t a rch /wa te r  systems. In particular,  at  room t empera tu re  and 13 - 14% 
wate r  both systems are about  2 5 O  C below Tg. 
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THE I N J E C T  I O N  - MOUL<DED CAPSULE 2121 
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FIGURE 4 

Glass-transil;ion temperatures (Tg) versus water  content  for 
the  gelat in/water7 and s tarch/water  systems. 

A n  advantage of  the in ject ion moulding process is tlhat it easily allows 

the w a l l  thickness anld, hence, capsule strength t o  be improved, even below Tg. 
Wi th th icker walls, capsules would be expected t o  show increased t imes o f  

disintegration and dissolution. However, th icker-wal led starch capsules (0.4 

mm) were found t o  behave satisfactori ly. Thus, an increaised w a l l  thickness 
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2122 EITH ET AL. 

leads t o  good capsule properties, for  example, handling (f i l l ing and blistering) 

and drug-release. 

Starch Processinq Conditions 

The injection moulding o f  starch presents problems which are to  some 

extent similar and t o  sorne extent dif ferent f rom those conventionally 

encountered w i th  thermoplastics. By the control o f  the water content and o f  

the temperature changes along the barrel, the starch granules must be broken 

down to  fo rm a melt. The water content must rernain constant and be kept as 

low as possible, but  be sufficient for  homogeneous melt  formation before 

degradation. The extrusion cooking of starch, for  example, as in the processing 

o f  food, leads to  materials o f  inferior mechanical properties. 

Compared w i th  thermoplastics, irreversible physico-chemical changes 

occur during processing, so that  closer control o f  cycle t ime and water 

content, as wel l  as temperature, is recommended. Further, additives may be 

used to  aid f low and mould release. 

DESIGN AND PRODUCTION OF INJECTION-MOULDED CAPSULES 

To date, most o f  the processing has been directed towards the 

manufacture of capsules, and mult i-cavity cap moulds and body moulds have 

been developed. They allow the separate production o f  caps and bodies. The 

separate manufacture o f  caps and bodies means more f lexibi l i ty  in production. 

The same-sized cap can be used w i th  dif ferent lengths of body t o  produce, for 

example, size 1 and size 4 capsules. 

F ig  5 shows the design o f  an injection-moulded capsule 

together w i th  that o f  a hard gelatin capsule. It is immediately apparent that  a 

smaller closure area be used w i th  the injection-moulded product. This i s  

because the dimensions can be much more closely controlled in injection 

moulding than in dip moulding. 
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THE INJECTION-MOULDED CAPSULE 2 1 2 3  

la 1 I 'b)  

FIGURE: 5 

(a) Injection-moulded capsule.  
(b) Coni-SnapTM, hard gelat in  capsule  

External,  linear dimensions of caps  and bodies of the s t a rch  capsule a r e  

constant  t o  b e t t e r  t.han 0.1 mm and wall thicknesses t o  even less. C a p  and 

body can be joined by a tamper-resistant,  snap connection t o  give a smooth 

surface t o  t h e  capsule. 

Because, in con t r a s t  t o  a dip-moulding process, t h e  injection-moulding 

process is not res t r ic ted t o  particular shapes lof ar t ic le ,  other  products 

applicable t o  drug and food delivery can  be produced j u s t  as easily. In addition, 

injection-moulded s t a rch  and gelatin mater ia ls  have many o the r  possible 
applications in t h e  engineering-plastics area. 

PROPERTIES O F  STARCH CAPSlJL ES 

Filling-Machine Behaviour 

Apar t  from m a t t e r s  of good design, t h e  successful behaviour of capsules 
on filling r e l a t e s  primarily t o  t h e  capsule mater ia l  being sufficiently tough and 
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21 24 EITH ET AL.  

r ig id to  survive impact without permanent deformation. Tests have shown that 

the injection-moulded starch capsule easily meets these requirements. In 

addition, because caps and bodies are made separately, it has been possible t o  

use a simpler design o f  f i l l ing machine. 

Particular Features o f  Starch Capsules 

The injection-moulded starch capsule or container has the following 

advantageous features regarding design, properties and application: 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

The possibility of moulding many dif ferent shapes and closure systems, 

and also subdividable capsules. 

Capsules are reproducible in size and properties. 

No lengthy drying process is required. 

Good stabi l i ty under extreme temperature/humidity conditions. 

No bacterial problems during manufacture; no preservatives are used and 

no toxic residues remain from dead microbial bodies. 

Capsule design is excellent for  coating, e.g. for  enteric and controlled- 

release applications. 

Wall thickness can be varied, allowing more controlled release. 

Larger capsules are easily manufactured, e.g. for  veterinary 

applications. 

Embossing and debossing can be included as par t  of the mould-cavity 

design; no separate imprint ing stage is necessary. 

Good oesophagus gliding. 
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THE I N J  ECTION-MOULDED CAPSULE 2 1 2 5  

11. The s t a rch  calpsule is a natural-looking Iproduct having an excellent 

image for t h e  health-food, herbal and d i e t e t i c  markets. 

12. Starch a s  a plant polymer is ideal when religious alr d i e t e t i c  

considerations a r e  important.  

13. The basic raw mater ia l  is cheap. 

Cornoarative Behaviour of S t a rch  Caosules 

Comparat ive disintegration and bioavailability s tudies  of  s t a r c h  capsules 
c 

(0.4 mm wall-thickness) and conventional, d ipmoulded  hard gelatin capsules 

have been carr ied out. The  resul ts  a r e  summarised in t a b k  2. The s t a r c h  

capsule behaves satisfactorily.  Disintegration is slower blut in vivo 

bioavailability is fas ter .  In addition, t h e  proplerties of t he  injection-moulded 

capsule may easily be modified by changing wall thickness and by t h e  

incorporation o f  addi t ives  in the  formulations for  injection moulding. Due t o  

the high t empera tu res  used, t he  injection moulding process has  t h e  fu r the r  

TABLE 2 

Comparat ive behaviour of hard gelatin and s t a r c h  capsules. 

Values quoted a:re mean  values f rom 6 - 110 determinations.  

Capsule D isi n t eg ra  t i on8 
/min 

B i o a v ,a i I a b i 1 i t y : 
plasma concentrat ion 
of mefenamic  acid 
a f t e r  1 h/ g cm-3 

Hard gelatin 1 
(0.1 mm wall 
thickness) 

Starch 4 
(0.4 mm wall 
thickness) 

3.8 

5.3 
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advantage that  bacter ia l  and fungal growth in the processed mater ia l  is 

negligible. 

SUMMARY 

The inject ion moulding of gelatin and starch of f ixed water content t o  

make capsules has been investigated. Inject ion moulding gives capsules which 

are reproducible i n  dimensions and properties. Their drug-delivery behaviour 

compares we l l  w i th  that  o f  hard gelatin capsules. 

The use of in ject ion moulding means that  the encapsulation shape i s  no 

longer so rest r ic ted as in dip-moulding and i t  is possible t o  develop other, bio 

degradable drug- and food-delivery containers. 
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