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ABSTRACT 

The e f f e c t  of environmental moisture on the  phys ica l  

s t a b i l i t y  of leff e rvescen t  t a b l e t s  i n  f o i l  laminate packages 

con ta in ing  microscopic imperfect ions (openings) was examined. 

Packaged tabltets were s to red  a t  d i f f e r e n t  r e l a t i v e  humidity 

(RH) and tempccraiture cond i t ions  and evaluated fo r  phys i ca l  

s t a b i l i t y  a t  predetermined time i n t e r v a l s .  Physical  s t a b i l i t y  

w a s  assessed lby not ing i f  t he  t a b l e t  components r eac t ed  

prematurely t o  y i e l d  s o f t  t a b l e t s  during storiage. A pene t r a t ing  

dye s o l u t i o n  t e s t  was used t o  determine i f  the f o i l  packages 

contained imperfect ions which might allow trarismission of 

moi s tu re ,  The r e s u l t s  of the i n v e s t i g a t i o n  ind ica t ed  t h a t  

abso lu t e  moisture  i n t e g r i t y  of the f o i l  package i s  required f o r  

product s t a b i  1 i t  y. 
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2 5 4 2  

INTRODUCTION 

D A V I D  AND G A L L I A N  

Occassional batches of an e f f e r v e s c e n t  potassium 

supplement t a b l e t  had evidenced phys ica l  i n s t a b i l i t y .  The 

i n s t a b i l i t y  manifested i t s e l f  as a premature r e a c t i o n  of t he  

i n g r e d i e n t s  required f o r  e f f e rvescence ,  i . e . ,  packaged t a b l e t s  

became p h y s i c a l l y  d e t e r i o r a t e d  and would not e f f e r v e s c e  i n  

water .  The t a b l e t s  were always packaged i n  i n d i v i d u a l  

fo i l / po lye thy lene /pape r  laminate packets .  

It was known t h a t  package imperfect ions could r e s u l t  i n  

phys i ca l  i n s t a b i l i t y  of e f f e r v e s c e n t  t a b l e t s  (1). Gross 

examination of the l e s s  s t a b l e  ba t ches ,  however, d id  not r e v e a l  

an excess ive  number of package d e f e c t s .  A technique f o r  l eak  

t e s t i n g  i n  water under vacuum a l s o  d i d  not i n d i c a t e  excessive 

d e f e c t s .  However, microscopic examination revealed an 

excess ive  number of minute imperfect ions i n  the f o i l  po r t ion  of 

t h e  laminate i n  l e s s  s t a b l e  ba t ches .  A more s e n s i t i v e  leak 

test  w a s  t h e r e f o r e  developed which u t i l i z e d  a dye s o l u t i o n .  

R e s u l t s  wi th  t h i s  t e s t  c o r r e l a t e d  with microscopic 

obse rva t ions .  

The following s tudy  demonstrates the e f f e c t  of minute 

imper fec t ions  i n  laminate packaging material  on t h e  s t a b i l i t y  

of an e f f e r v e s c e n t  product held i n  moist environments.  

EXPERIMENTAL 

The e f f e r v e s c e n t  t a b l e t s  used i n  t h i s  s tudy were round, 

2.54 cen t ime te r s  (cm) i n  diameter ,  f l a t  f a c e ,  and had a 

th i ckness  of approximately 0.61 cm. The dimensions of the f o i l  

laminate  package were 5.59 cm by 5.59 cm. The laminate 
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EFFECT OF MOISTURE ON TABLETS 2543 

cons i s t ed  of 11.3 kilogram (kg) pouch paper,  over  3.2 kg 

polyethylene,  over 0.003 cm aluminum f o i l ,  over 6.8 kg 

polyethylene.  

Procedure: 

The e f f e c t  (of s eve ra l  humidity cond i t ions  a t  room 

temperature was .sssessed by p l ac ing  packaged t a b l e t s  i n  

d e s i c c a t o r  j a r s  con ta in ing  appropr i a t e  s a l t  s o l u t i o n s  t o  

maintain environments of  32% RH, 43% EH and 81% RH a t  25°C. 

The i n v e s t i g a t i o n  was performed t o  det.ermine i f  humidity a t  a 

c o n t r o l  l ed  t em,perat u r e  of  25 "C i n  f luentced phys i c  a1 s t a b  ili t y . 

The e f f e c t  of temperature a t  high humidity was a l s o  

s tud ied .  Packaged t a b l e t s  were placed i n  a humidity cab ine t  

set a t  80% RH/38"C and i n  d e s i c c a t o r  j a r s  con ta in ing  

appropr i a t e  sa l t  s o l u t i o n s  t o  maintain environments of 78% RH 

and 81% RH a t  30°C and 25"C, r e s p e c t i v e l y .  

The e f f e c t  of exposure time t o  high humidity w a s  a l s o  

s tud ied .  Samples were placed i n  an environment of 80% RH/38"C. 

One por t ion  of the packaged t a b l e t s  was removed a f t e r  one month 

of s to rage  and p1.aced i n  a dry environment (25°C:) f o r  5 months. 

These samples were then examined f o r  t a b l e t  so€ ten ing  and 

compared with samples l e f t  a t  80% RH/38"C f o r  ,the t o t a l  time 

period of s i x  months. 

Samples s to red  a t  dry cond i t ions  served a s  c o n t r o l s  f o r  

t he  o t h e r  s to rage  cond i t ions  using temperatures of  25"C, 3OoC, 

and 40°C. The humidity of the  environment a t  these cond i t ions  

w a s  not monitored, however, t he  a r e a s  were assimed to  be 

r e l a t i v e l y  dry because they were incubators  o r  a i r  condi t ioned 

rooms. Occasional checks of t h e  30°C a rea  showed the r e l a t i v e  

humidity never exceeded 32%. 
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2544 D A V I D  AND G A L L I A N  

The sample s i z e  f o r  each s t o r a g e  c o n d i t i o n  w a s  400 

packe t s .  

Test  Methods: 

The f o i l  packets  were t e s t e d  f o r  imperfect ions by use of 

an o i l  so lub le  dye d i s so lved  in an organic  s o l v e n t  (2). Using 

a sharp c u t t i n g  edge, a c i r c l e  was cu t  i n  t h e  f ace  of t he  

package j u s t  l a r g e  enough t o  remove the  t a b l e t .  A few drops of 

t he  dye s o l u t i o n  were then placed i n t o  the packet ,  swir led and 

allowed t o  s tand f o r  30 minutes or u n t i l  t he  o u t s i d e  su r face  of 

t he  package showed leakage of the dye. Samples of packaged 

t a b l e t s  (approximately 700) were t e s t e d  f o r  l eaks  i n  t h i s  

manner p r i o r  t o  the  s tudy  and 55% o f  the  packets  were found t o  

l eak .  

Softened t a b l e t s  were d e t e c t e d  by p res s ing  each packaged 

t a b l e t  between the  thumb and index f i n g e r  at  predetermined t i m e  

i n t e r v a l s  (up t o  24 months). A l l  packets  t h a t  contained s o f t  

t a b l e t s  were immediately t e s t e d  for l eaks .  A l l  remaining 

packages, except those held a t  40°C and 25"C, were t e s t e d  f o r  

l e a k s  a t  t h e  t e rmina t ion  of t he  study. 

RESULTS AND DISCUSSION 

As shown i n  Figure 1, s t o r a g e  at  humid room temperature  

c o n d i t i o n s  had an adverse e f f e c t  on phys ica l  s t a b i l i t y .  

Approximately 45% of t h e  packaged t a b l e t s  became s o f t  a f t e r  

s t o r a g e  f o r  s i x  months a t  81% RH/25"C while none w a s  sof tened 

a f t e r  n ine  months a t  43% RH/25"C or 24 months a t  32% RH/25"C. 

A s u b s t a n t i a l  number (29%) of t a b l e t s  so f t ened ,  however, a f t e r  

s t o r a g e  f o r  24 months a t  43% RH/25"C. 
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EFFECT OF MOISTURE ON TABLETS 2545 
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F I G U R E  1 

Ef fec t  of High and Moderate Humidity a t  Room Temperature 
on the Number of Tab le t s  Softening During Storage.  
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2546 DAVID AND GALLIAN 

Higher temperatures  a c c e l e r a t e d  d e t e r i o r a t i o n  of t h e  

t a b l e t s  s t o r e d  a t  high humidity c o n d i t i o n s  as shown i n  

Figure 2. 

occurred a t  78% RH/30"C and 81% RH/25OC a f t e r  s i x  months were 

s imi la r  but apprec i ab ly  less than t h a t  found a t  80% RH/38"C. 

On t h e  o t h e r  hand, temperature had no pe rce ivab le  e f f e c t  on 

t a b l e t s  which were held f o r  up t o  24 months under d r y  

c o n d i t i o n s  as evidenced by t h e  absence of so f t ened  t a b l e t s  i n  

packages s t o r e d  a t  25"C, 30°C o r  40°C i n  dry a r e a s .  

The number of and rate a t  which t a b l e t  s o f t e n i n g  

The p l o t  i n  Figure 3 demonstrated t h a t  exposure t o  h igh  

temperature/humidity c o n d i t i o n s  f o r  a r e l a t i v e l y  s h o r t  per iod 

of t i m e  i n i t i a t e d  phys ica l  i n s t a b i l i t y  which continued even 

a f t e r  t a b l e t s  were removed t o  dry c o n d i t i o n s  at  room 

temperature .  Here, approximately 23% t o  26% of t h e  t a b l e t s  

d e t e r i o r a t e d  a f t e r  one month at  80% RH/38OC. Tab le t s  l e f t  a t  

t h i s  c o n d i t i o n  continued t o  d e t e r i o r a t e  u n t i l  approximately 55% 

of  the  t a b l e t s  sof tened a f t e r  s i x  months. T a b l e t s  t r a n s f e r r e d  

t o  dry room temperature c o n d i t i o n s  continued t o  d e t e r i o r a t e  but  

a t  a g r e a t l y  reduced rate.  A t o t a l  of only 35% so f t ened  a f t e r  

s i x  months s t o r a g e .  However, a l l  t a b l e t s  were s t a b l e  when he ld  

f o r  24 months at  dry room temperature cond i t ions .  These d a t a  

suggest  t h a t  when s u f f i c i e n t  moisture  is  p resen t  during t h e  

f i r s t  month of s t o r a g e ,  e f f e rvescence  w i l l  occur even a f t e r  

removal t o  c o o l e r  and d rye r  cond i t ions .  

The f i g u r e s  i l l u s t r a t e  t h a t  exposure of poorly packaged 

t a b l e t s  t o  humid c o n d i t i o n s  caused phys ica l  d e t e r i o r a t i o n .  

More important ,  perhaps,  is the  obse rva t ion  t h a t  d e t e r i o r a t e d  

t a b l e t s  were r a r e l y  found i n  packets  which d i d  not have 

d e t e c t a b l e  imperfect ions.  A t  t he  conclusion of t he  s tudy,  t h e  

packets  were t e s t e d  f o r  l eaks  and approximately 54% of  the 

t o t a l  were found t o  l eak .  This w a s  i n  good agreement with t h e  
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EFFECT OF M O I S T U R E  ON TABLETS 
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FIGURE 2 

2547 

Tab le t  SoEtening During S ix  Months of High Humidity 
;Storage a t  Var ious  Tempera tures  ., 
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2548 D A V I D  AND G A L L I A N  
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FIGURE 3 

Effec t  of I n t e r r u p t e d  High Humidity/High Temperature 
Storage on t h e  Incidence of Tablet  Softening.  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



EFFECT OF MOISTURE ON TABLETS 

TABLE I 

2549 

Leak Test Resu l t s  

Storage 
Percent  of Packets  which F a i l e d  Leak Test 

Packets with Packets with 
- 

Condition --- (months) S o f t  Tab le t s  F i r m  Tab le t s  

80% RH/38"C 6 99.1 7.9 

78% RH/30"C 6 99.5 14.2 

81% RH/25"C 6 100.0 1 2 . 2  

43% RH/25"C i! 4 99.2 38.5 

- -- 

incidence of 551% found p r i o r  t o  s t a r t i n g  the s tudy.  Resu l t s  

from l eak  t e s t i n g  of packets which contained d e t e r i o r a t e d  

t a b l e t s ,  however, showed t h a t  over 99% of these  packets had 

imperfect ions (Table I ) .  The r e s u l t s  ]in Table I a l s o  show t h a t  

some samples held a t  moist cond i t ions  (43% RH o r  h ighe r )  

contained f i rm t a b l e t s  even though the  packets haad 

imperfect ions.  T h i s  i s  e s p e c i a l l y  obvious a f t e r  s to rage  f o r  24 

months a t  43% IUH/25"C. Storage a t  t he  higher  humidity 

c o n d i t i o n s ,  however, r e s u l t e d  i n  a smaller  percentage of 

samples which contained f i rm t a b l e t s  i n  packets ithat had 

imperfect ions.  This i l l u s t r a t e s  again t h a t  high humidity 

a c c e l e r a t e s  the phys ica l  d e t e r i o r a t i o n  of e f f e rvescen t  t a b l e t s  

when s t o r e d  i n  packets  of poor i n t e g r i t y .  

CONCLUSIONS 

Absolute i n t e g r i t y  of f o i l  laminate packaging i s  c r i t i c a l  

f o r  t he  s t a b i l i t y  of e f f e r v e s c e n t  products when exposure t o  

e l eva ted  humidity is  experienced,  even f o r  r e l a t i v e l y  s h o r t  
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2550 DAVID AND GALLIAN 

per iods  of t i m e .  

t he  minute imperfect ions i n  the laminate  which led t o  t h e  

phys ica l  d e t e r i o r a t i o n  of t h e  t a b l e t s .  

The dye p e n e t r a t i o n  tes t  was a b l e  t o  d e t e c t  
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