
DRUG DEVELOPMENT AND I N D U S T R I A L  PHARMACY, 1 2 ( 5 ) ,  6 4 1 - 6 5 0  ( 1 9 8 6 )  

APPLICATION OF LASER HOLOGRAM INTERFEROMETRY TO 

THE DISTORTION DETERMINATION OF SUGAR-COATED TABLETS 

Takeshi Wakimoto and Akinobu Otsuka 

Toa Pharmaceutical  I n d u s t r i e s ,  Ltd.  and 

Facul ty  of Pharmacy, Meijo Univers i ty  

2-10-14 Kosakahonmachi, Higashiosaka-shi ,  Japan and 

Yagoto-urayama, Tempaku-cho, Tempaku-ku, Nagoya, Japan 

ABSTRACT 

Sugar-Coated t a b l e t s  of d i f f e r e n t  co re  m a t e r i a l s  were pre- 

pared and t h e  degree of d i s t o r t i o n  of t h e  sugar  c o a t  was determined 

by t h e  l a s e r  holographic  in t e r f e romet ry  of double exposure method. 

I t  was found t h a t ,  a s  t h e  degree of expansion of t h e  t a b l e t  co re  

mater ia l  i nc reased ,  t h e  sugar  c o a t  became more d i s t o r t e d .  By t h e  

p re sen t  method, non-destruct ive measurement of a minute amount of 

d i s t o r t i o n  is  p o s s i b l e  and thus  supe r io r  t o  convent ional  methods. 

INTRODUCTION 

The au tho r s  cons ider  one cause of cracking on t h e  su r face  of 

sugar-coated t a b l e t s  t o  poss ib ly  be  volume change i n  t h e  t a b l e t  

core .  This  change, due t o  moisture  so rp t ion  o r  hydra te  formation 

i n  t h e  co re  substance,  can be d i r e c t l y  measured by a micrometer.  

6 4 1  
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642 WAKIMOTO AND OTSUKA 

Dis to r t ion  of t h e  sugar  c o a t  cannot  be determined by convent ional  

method s i n c e  t h e  deformation i s  so l i t t l e .  In  t h i s  paper ,  a double- 

exposure hologram in t e r f e romet ry  w a s  used t o  determine t h i s  d i s -  

t o r t i o n .  In c o n t r a s t  t o  t h e  convent ional  i n t e r f e r e n c e  method and 

p h o t o e l a s t i c i t y  measurements, t h e  subjects r e q u i r e  no mir ror  su r face  

nor  have t o  be t r a n s p a r e n t  when l a s e r  holography i s  c a r r i e d  o u t .  

Moreover, t h i s  technique may provide information n o t  only on t h e  

amount b u t  a l s o  d i s t r i b u t i o n  of d i s t o r t i o n  by non-contact and non- 

d e s t r u c t i v e  measurements. 

Recent ly ,  t h e  s t r a i n  recovery of a powder bed fol lowing com- 

press ion  was determined by Ridgway Watt e t  a l .  by hologram i n t e r -  

ferometry.  In t h e  p r e s e n t  work ,  us ing  two k inds  of co re  t a b l e t s  

d i f f e r i n g  i n  moisture  sorbing p r o p e r t i e s ,  t h e  d i s t o r t i o n  of each 

t a b l e t  was examined. 

EXPERIMENTAL 

Prepara t ion  of Tab le t s  --- A s  shown i n  Table I ,  two k inds  of 

t a b l e t s  of cons iderably  d i f f e r e n t  mois ture  sorbing capac i ty  were 

prepared by d i r e c t  compression wi th  a high speed t a b l e t t i n g  machine, 

RTM-36s-2S (Kikusui Seisakusyo)  . F i f t y  thousand of each kind of 

t a b l e t  were sugar  coa ted  and d r i e d  i n  a d e s i c c a t o r  a t  25°C over  

s i l i c a  g e l .  

Determination of Dimensional Change i n  Core Tab le t s  Due t o  

Moisture Sorp t ion  by an E lec t ron ic  Micrometer --- Dimensional 

change i n  t h e  diameter  of uncoated t a b l e t s  (core  t a b l e t s )  was 

measured wi th  an e l e c t r o n i c  micrometer a t  30°C and 68% R.H. .  

This  device is  shown i n  Fig.1. 

Holography --- The o u t l i n e  of t h e  o p t i c a l  system i n  t h i s  

study is  shown i n  Fig.2.  The l i g h t  source i s  H e - N e  l a s e r  GLG-5350 

(Nippon E l e c t r i c  Co.) wi th  6328 3 of wavelength and 5mW of power. 
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DISTORTION DETERMINATION OF SUGAR-COATED TABLETS 6 4 3  

Table I Formulations for Two Kinds of Tablet Used 

~~ ~ 

FORAURATION 

A B INGREDIENT 

Lactose 125.0 125.0 

Crystalline Cellulose 60.0 - 

Cornstarch 50.0 - 

Calcium Sulfate - 107.0 

Hydroxypropylcellulose 10.0 10.0 

Carboxyrnethylcellulose 
C a  1 c i urn 2.5 - 

Magnesium Stearate 2.5 2.5 

Total (mgJ 2 5 0 . 0  250.0 

A beam emitted from a He-Ne l a s e r  and passed through an object ive 

lens  i s  collimated by a col l imeter  lens .  The beam i s  then divided 

i n t o  two separate beams by a beam s p l i t t e r .  The r e f l e c t e d  beam 

i l luminates  the  surface of a sugar-coated t a b l e t  perpendicularly.  

The sca t t e red  l i g h t  passes through t h e  beam s p l i t t e r  and f a l l s  on 

a holographic fi lm. The reference beam i s  obtained from a p a r t  

of the l a s e r  beam, transmitted by the beam s p l i t t e r  and r e f l e c t e d  

by a mirror .  To obtain an excel lent  hologram, the device must  not  

be allowed t o  v ib ra t e .  O u r  device was supported by a i r  cussion 

and placed i n  a t i g h t l y  closed container.  

D o u b l e  exposure was made before and a f t e r  moisture sorpt ion.  

When d i s t o r t i o n  of a sugar coat  occurred between the  f i r s t  and the 

second exposures, t he  r e su l t i ng  hologram gave i n t e r f e r i n g  f r inge  

pa t t e rns  on reconstruction. The operation diagram appears i n  Fig.  3. 
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Q' 
b 3 

I \  
1 

I 1 

1 )  H a - N e  GAS LASER 
2) OBJECTIVE LENS 
3 )  COLLIMATOR LENS 
4 )  B E A M  SPLITTER 
5 )  MIRROR 
6 )  HOLOGRAPHIC FILM 
7 )  T A B L E T  

5 

F i g . 2  Schmat i c  Diagram of Opt ica l  Arrangement  
fo r  Hologram I n t e r f e r o m e t r y  

RESULTS AND DISCUSSION 

Expans ion  of Core  T a b l e t s  --- An i n c r e a s e  i n  t h e  d i a m e t e r  o f  

core t a b l e t s  a s  a r e s u l t  of m o i s t u r e  s o r p t i o n  was measured  w i t h  

t h e  e l e c t r o n i c  micrometer. A s  shown i n  F i g . 4 ,  a r e m a r k a b l e  volume 

change  o c c u r r e d  i n  t a b l e t s  c o n t a i n i n g  c r y s t a l l i n e  c e l l u l o s e  a n d  

c o r n s t a r c h .  The d e t a i l s  of s imi l a r  phenomena h a v e  been  described 
2) . 3 )  i n  p r e v i o u s  p a p e r s .  

D i s t o r t i o n  of t h e  S u g a r  C o a t  --- F i g .  5 shows i n t e r f e r o g r a m s  

f o r  t h e  s u g a r - c o a t e d  t a b l e t s  of t h e  f o r m u l a t i o n s  A and  B. Each 

pho tograph  shows t h e  d e f o r m a t i o n  o f  s u g a r  coat  which  o c c u r r e d  

d u r i n g  t h e  i n d i c a t e d  t i m e  i n t e r v a l  a t  15°C and  a t  60% R . H . ;  f o r  

example,  t h e  f i g u r e  a t  "30 min" i n d i c a t e s  t h e  change  o c c u r i n g  20 

t o  30 min f o l l o w i n g  t h e  s t a r t  o f  t h e  e x p e r i m e n t .  Each measurement 

was c a r r i e d  o u t  5 t i m e s .  
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Fig.4 Increase in Diameter for Two Kinds of Core Tablet 
Due to the Sorption of Moisture Measured by 
an Electronic Micrometer 

Fig.5 Interferograms for Two Kinds of Tablet 
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648 WAKIMOTO AND OTSUKA 

Time (hr )  

Fig.6 Change i n  the Cumulative Value of t he  Each Number 
of Fringe on a Tablet  (N) aga ins t  Time 

I f  it may be assumed t h a t  each f r inge  corresponds t o  a defor- 

mation of a half  wavelength, the number of f r inges  on a t a b l e t  (N) 

should be a measure of the d i s t o r t i o n  of a sugar coat  within each 

prescribed time in t e rva l .  I n  Fig.6, the cumulative value of N f o r  

a t a b l e t ,  corresponding t o  t o t a l  d i s t o r t i o n  a f t e r  the s t a r t  of the 

measurement, was p lo t t ed  aga ins t  time; t he  v e r t i c a l  l i n e s  indicate  

standard deviation. It i s  evident t h a t  the g rea t e r  the degree of 

core expansion, the more the surface of the sugar coat  was d i s -  

t o r t ed .  An induction period was observed f o r  each curve, t h i s  may 

ind ica t e  t h a t  water vapor requires  a few minutes t o  d i f f u s e  i n t o  

the sugar coat .  

One favorable f ea tu re  of the l a s e r  holography by double ex- 

posure may be t h a t  sample deformation can often be measured s i m -  
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Fig .7  Observation of D i s t o r t i o n  of Sugar Coat f o r  Many Tab le t s  

u l taneous ly  under t h e  same cond i t ions .  Fig.  7 shows f r i n g e  p a t t e r n  

photographs f o r  8 t a b l e t s .  

The above r e s u l t s  i n d i c a t e  t h a t  t h e  hologram in te r fe rometry  

by double exposure method i s  e x c e l l e n t  f o r  measuring minute amounts 

of d i s t o r t i o n  on t h e  su r face  of a sugar  c o a t  and p r e d i c t i n g  t h e  oc- 

currence of cracking of sugar-coated t a b l e t s .  Moreover, many 

samples can be examined a t  one t ime,  so t h a t  t h i s  method may be  

app l i cab le  t o  q u a l i t y  con t ro l  i n  t a b l e t  p repara t ion  and s to rage .  
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