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ABSTRACT ~ _ _ _  

The e a u i l  i b r i u n i  m o i s t u r e  c o n t e n t  ( E M C )  was; d e t e r m i n e d  f o r  t h i r t y  

p h a r m a c e u t i c a l  e x c i p i e n t s .  These d a t a  a r e  t o  be i n c l u d e d  i i i  t h e  f o r t h -  

coining p u b l  i c a t . i o i i  o f  t h e  Handbook o f  P h a r m a c e u t i c a l  E x c i p i ' e n t s .  T h i s  

work was unt ier t .aken as  a c o l  l a h o r a t i v e  e f f o r t  under  t h e  s p o n s o r s h i p  o f  

t h e  Academy o f  Ph ,3 rn iaceu t i ca l  S c i e n c e s .  The r e s u l t s  o f  t h i s  s t u d y  a r e  

b e i n g  r e p o r t e d  he i - f i n  p r i o r  t o  p u b l  i c a t i o r i  o f  t h e  Handhook.* 

The exper i rnen ts i l  p r o c e d u r e  f o r  d e t e r i n i n i n ! ]  e o u i l  i b r i u i n  i : io isture c o n t e n t  

i s  i n c l u d e d  a l o n g  w i t h  a method f o r  c l a s s r f y i n g  t h e  hyg rosc i3p i c  

p r l s p e r t y  o f  s o l  i d s .  

* A b r i e f  d e s c r i p t i o n  of t h e  me thod  used i n  t h e  d e t e r m i n a t i o n  o f  
E q u i l  i b r i u m  M o i s t u r e  C o n t e n t  o f  p h a r m a c e u t i c a l  e x c i p i e n t s  as w e l l  a s  
a l l  e x p e r i m e n t a l  d a t a  w i l l  appear  i n  expanded f o r m  i n  t h e  
f o r t h c o m i n g  "Handbook o f  P h a r m a c e u t i c a l  E x c i p i e n t s "  t o  be p u b l  i s h e d  
by t h e  APhA Academy o f  P h a r i i a c e u t i c a l  !;ciences w i t h  f u l l  c o p y r i g h t  
p r o t e c t i o n .  
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356 CALIAHAN ET AL.  

I n t r o d u c t i o n  

The s o r p t i o n  o f  m o i s t u r e  by p h a r m a c e u t i c a l  s o l i d s  has been examined by 

many w o r k e r s  and inethods f o r  d e t e r m i n i n g  e o u i l  i b r i u m  i n o i s t i i r e  c o n t e n t  

( E M C )  have  been r e p o r t e d  i n  t h e  l i t e r a t u r e  (1-8). The p r e s e n t  method 

d e v e l o p e d  b y  J. C a l l a h a n  (12) r e p r e s e n t s  a m o d i f i c a t i o n  o f  one f i r s t  

d e s c r i b e d  by S c o t t  e t  a l .  ( 5 )  

EXPERIMENTAL 

M a t e r i a l s  

N i n e  p l a s t i c  d e s i c c a t o r s ,  Nal ge /Sybron  C o r p o r a t i o n ,  a p p r o x i m a t e l y  9 

i n c h e s  i n  d i a m e t e r ,  were o b t a i n e d  f r o m  a l o c a l  l a b o r a t o r y  s u p p l y  

d e s i c c a t o r s  o f  e q u i v a l e n t  s i z e  may be  s u b s t i t u t e d  f o r  t h e  

n e r s .  

house. G l a s s  

p l a s t i c  c o n t a  

A s u p p l y  o f  g ass  a n a l y t i c a l  w e i g h i n g  b o t t l e s  w i t h  s t a n d a r d  t a p e r  

c o v e r s  ( 2 5  mm. O.D. x 40  mm. h t .  w i t h  1 2  m l .  c a p a c i t y  were used t o  

c o n t a i n  samples f o r  t e s t i n g .  Samples were we ighed  on an  a n a l y t i c a l  

b a l a n c e  t o  t h e  n e a r e s t  0.1 mg. A s e r i e s  o f  s a t u r a t e d  s a l t  s o l u t i o n s  

were  p r e p a r e d  as d e s c r i b e d  i n  T a b l e  1. 

P r o c e d u r e  

EMC d e t e r m i n a t i o n s  were made by p l a c i n g  a c c u r a t e l y  we ighed  samples o f  

each  m a t e r i a l  (100-200 mg) i n  2 o r  3 open,  t a r e d ,  and numbered w e i g h i n g  

b o t t l e s  and t h e n  i n t o  a l a b e l e d  d e s i c c a t o r  c o n t a i n i n g  one o f  t h e  

s a t u r a t e d  s a l t  s o l u t i o n s  d e s c r i b e d  i n  T a b l e  1. A l i b e r a l  amount o f  t h e  

s a t u r a t e d  s a l t  s o l u t i o n  ( w i t h  excess  c r y s t a l s )  was p l a c e d  i n  t h e  w e l l  

o f  t h e  d e s i c c a t o r .  

Samples were  s t o r e d  i n  each o f  t h e  n ine s e c u r e l y  c l o s e d  i n d i v i d u a l  

d e s i c c a t o r s ,  each  c o n t a i n i n g  a d i f f e r e n t  m o i s t u r e  atmosphere.  A t  

e s u i l i b r i u m  ( 7  days  s t o r a g e  a t  c o n t r o l l e d  room t e i n p e r a t u r e  2 5 O C  t 2OC) 

t h e  samples were  removed f r o m  t h e  d e s i c c a t o r s  and t h e  m o i s t u r e  i n c r e a s e  
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(EMC) OF PHARMACEUTICAL EXCIPIENTS 357 

or  dec rease  d e t e r m i n e d  f o r  each sai7iple by o b t a i n i n g  t h e  f i n a l  

e q u i l i b r i u m  w e i g h t  w i t h  t h e  a i d  o f  an a n a l y t i c a l  h a l a n c e .  These d a t a  

were r e c o r d e d  on i i o i s t u r e  a n a l y s i s  d a t a  s h e e t s ,  a s z i p l e  o f  w h i c h  i s  

p r o v i d e d  i n  T a t i l e  2. 

EMC v a l i i e s  were c ( 3 l c u l a t e d  f r o m  P (% ino i s i . u re  d r y  b a s i s )  w i t h  t h e  a i d  

o f  t h e  e a u a t i o r i s  g i v e n  i n  T a b l e  2. I n i t i ( j 1  m o i s t u r e  c o n t e n t  ( A )  o f  

each e x c i p i e n t  was a c c u r a t e l y  d e t e r m i n e d  by a s u i t a b l e  i w t h o d ,  such as 

loss  on d r y i n g  t o  c o n s t a n t  w e i g h t  ( s e e  T a t ~ l e  3 )  and used t o  c a c l u l a t e  

P. EMC v a l u e s ! ,  a t  each r e l a t i v e  h u m i d i t y  t e s t e d ,  were t a b u l a t e d  and 

p r e s e n t e d  i n  T a b l e  2 and p l o t t e d ,  u s i n g  c o o r d i n a t e  q r a p h  p a p e r ,  t o  

o b t a i n  EMC r e l a t i v e  h u m i d i t y  c u r v e s  ( F i g u r e  2) .  

TABLE 1 ___ 
! $ a t u r a t e d  S a l t  S o l u t i o n s -  f o r  M a i n t a i n i n g  

Con 5 t a n  t Re1 a t  i ve  Huin i d i t y  Cond i t i  ons--_in Des i c c  a t 0~ -.-____ 

S a t u r a t e d  S E l t  
So l  u t  i o n *  

P e r c e n t  R e l a t i v e  H u r l i i d i t y  a t  T e r i p c ~ r a t u r e s  ( 9 - 1 1 )  
__ 2ooc 37oc .~ 

3OoC -- 25% -_ - _ _ ~ -  

L i t h  i urn Chl  c r i de 

P 0 t a !j s i urn Ac e t I3 t e 

Mag nes i im Ci- 1 o I- i de 

Po t a :j s i urn C a r bo  n a t e 

Magnesium N i t r 4 2 t e  

Sodium N i t r i t e  

Sodium C h l o r i d e  

P o t  a s s i un B roin i de 

P o t a s s i u m  N i t r a t e  

1 2  

24 

33 

44 

53 

66 

76 

84 

94 

1 1  

;'3 

::3 

4 3 

5 2 

b4 

;5 

113 

'13 

11 

23 

32 

42 

52 

63 

75 

82 

92 

11 

23  

3 1  

4 1  

5 1  

62  

7 5  

81 

91 

* P r e p a r e d  f r o m  r e a g e n t  g r a d e  s a l t s  d is , ,o lved i n  p u r i f i e d  w a t e r .  
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358 

C a l c u l a t i o n *  

CALLAHAN ET AL. 

F x A4 f B x 100 

P =  
w - w x  A c ml 

Where P = % m o i s t u r e  dry b a s i s  

W = i n i t i a l  sample we igh t  i n  grams 

A = % m o i s t u r e  a t  s t a r t  

B = we igh t  change a t  equ 

P 
EMC = ___ x 100 

P + 100 

l i b r i u m  i n  grams 

24.2% 

24.2% + 100 
EMC = x 100 = 19.5% 

H y g r o s c o p i c i t y  C l a s s i f i c a t i o n  

When e v a l u a t i n g  t h e  hygroscop ic  p r o p e r t i e s  o f  sol i d s ,  unp ro tec ted  

m a t e r i a l  i s  exposed f o r  one week t o  v a r y i n g  r e l a t i v e  h u m i d i t i e s  

f rom 11 t o  93 o r  100%. The change i n  i no i s tu re  con ten t  o f  t h e  

powder depends upon t h e  i n i t i a l  m o i s t u r e  con ten t  and t h e  r e l a t i v e  

h u m i d i t y  o f  t h e  env i ronmenta l  chamber. O b j e c t i o n a b l e  changes i n  

t h e  p h y s i c a l  appearance o f  t h e  m a t e r i a l  can occu r  independent o f  

t h e  mo is tu re  inc rease.  For  example, p h y s i c a l  changes may appear 

i n  some m a t e r i a l s  w i t h  l i t t l e  i nc rease  i n  m o i s t u r e  con ten t ,  

whereas no p h y s i c a l  change may occur  i n  another  p roduc t  w i t h  a 

l a r g e  i nc rease  i n  m o i s t u r e  conten t .  These a d d i t i o n a l  p h y s i c a l  

* D e r i v a t i o n  o f  t h e  eaua t ions  used f o r  c a l c u l a t i n g  EMC 
were p rov ided  by Drs. Kaplan and Kens le r .  
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(J3IC) OF PHARMACEUTICAL EXCIPIENTS 359 

TABLE 2 

T y p i c a l  M o i s t u r e  A n a l y s i s  Da ta  Sheet  

P h a r m a c e u t i c a l  l l x c i p  i e n t  : 

ILot No.: 

Source  ( M a n u f a c t u r e r ) :  

Te rip e r d  t u r e  : 

I n i t i a l  Da te :  

F ina31 Da te :  

D e s i c c a t o r  No.: 

S a l t  S o l u t i o n  U j e d :  

Re1 a t  i ve  Humid i ty : 

R e n t o n i t e  N.F. 

NG 3977 

W h i t t a k e r ,  C l a r k  and Dan ie l l s ,  I n c .  

1.22.80 , 20 oc - -- . _ ~  

1.29.80 , 20 O C  ____ ___ 
N i n e  

P o t a s s i u m  N i t r a t e  

94 P e r c e n t  

P e r c e n t  M o i s t u r e  a t  S t a r t :  5.74 N.F. X V ,  page 1210 ( 2  h r s .  a t  105OC) 

B o t t l e  No. 

W t .  Empty B o t t l i ?  
( w i t h  c o v e r )  

W t .  o f  B o t t l e  and Sample 
B e f o r e  T e s t  ( w i t h  c o v e r )  

W t .  of B o t t l e  a i id  Sample 
A f t e r  T e s t  ( w i t h  c o v e r )  

W t .  o f  M o i s t u r e  
I n c r e a s e  o r  Oec-ease 

Mo i s t u  r e  Conten- t  , 
Dry B a s i s  

Ave rage  V a l u e  

-~ 

Repl  i c a t e  No.1 Repl  i c a t e  No.2 Repl  i c a t e  No.3 

_-- - - 17 18 

- 18.8080 (1 _____-- - 19.6335 q 

19.7386 g 18.9111 (1 

18.9290 (1 ___ - 19.7562 q 

- 

f a c t o r s  a r e  a1 so i m p o r t a n t  i n  w a l  u a t i n g  t h e  hyqrosc.opic  n a t u r e  

o f  a p h a r i i a c e u t i c a l  e x c i p i e n t .  

Iri t h e  case  o f  n o n - h y g r o s c o p i c  m a t e r i a l s ,  t h e  ] m o i s t u r e  chanqe a t  

r e l a t i v e  h u m i d i t i e s  b e l o w  751 may be n e g l i g i b l e ,  but. t h e  i n c r e a s e  

at. h i g h  r e l a t i v e  h u m i d i t i e s  may be v e r y  l a r g e .  Though t h e s e  
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3 60 CALLAHAN ET AL. 

TABLE 3 

H y g r o s c o p i c i t y  C l a s s i f i c a t i o n  (See F i g u r e  1) 

C lass  I - Non-Hygroscopic: 

E s s e n t i a l l y  no m o i s t u r e  inc reases  occur  a t  r e l a t i v e  h u m i d i t i e s  

below 90%. Furthermore, t h e  i nc rease  i n  m o i s t u r e  con ten t  a f t e r  

s to rage  f o r  one week above 90% R.H. i s  l e s s  than 20%. 

C lass  I 1  - S l i g h t l y  Hygroscop ic :  

E s s e n t i a l l y  no [moisture i nc reases  occur  a t  r e l a t i v e  h u m i d i t i e s  

below 80%. The inc rease  i n  m o i s t u r e  con ten t  a f t e r  s to rage  f o r  

one week above 80% R.H. i s  l e s s  than  40%. 

C lass  I11  - Modera te l y  Hygroscop ic :  

M o i s t u r e  con ten t  does no t  i nc rease  above 5% a f t e r  s to rage  a t  

r e l a t i v e  h u m i d i t i e s  below 60%. The inc rease  i n  i no i s tu re  c o n t e n t  

a f t e r  s to rage  f o r  one week above 80% R.H. i s  l e s s  than 50%. 

C lass  I V  - Very Hygroscop ic :  

M o i s t u r e  i nc rease  may occur  a t  r e l a t i v e  h u m i d i t i e s  as low as 40  

t o  50%. The inc rease  i n  m o i s t u r e  con ten t  a f t e r  s to rage  f o r  one 

week above 90% R.H. may exceed 30%. 

powders can be adeauate ly  p r o t e c t e d  by s u i t a b l e  packaging, t hey  

c o u l d  change p h y s i c a l  fo rm r a p i d l y  d u r i n g  a c t u a l  use under 

un favo rab le  h i g h  h u m i d i t y  s to rage  c o n d i t i o n s .  W i th  some very  

hyg roscop ic  m a t e r i a l s  t h e  mo is tu re  con ten t  may inc rease  a t  

r e l a t i v e  h u m i d i t y  as l ow  as 40 t o  50%. Such powders would 

r e q u i r e  s p e c i a l  low h u m i d i t y  areas f o r  p rocess ing ,  i n  a d d i t i o n  t o  

s p e c i a l  packag ing  and s to rage  i n s t r u c t i o n s .  
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(EMC) OF PHARMACEUTICAL EXCIPIENTS 3 6 1  

80 90 100 

PERCENT RFLATIVE H U M I D I T Y  

Fi 'g .  1. - Hygroscop ic i ty  C l a s s i f i c a t i o n  

Key: C las s  I - Non-liygloscopic 
Class I 1  - S l i g h t l y  Hygroscopic  
Class I11 - Flodera te ly  f iygrascopic  
C las s  IV - Very Hygroscopic  

With t h e s e  f a c t o r s  in mind, t h e  fo l lowinq  c l a s z i f i c a t l o n  of 

hygroscopic m < i t e r i a l s  has been deviscd  ( 2 ) .  

I n  general  mo;t powders a r e  e i t h e r  C las s  I o r  Clazs  ' [ I  

e x c i p i e n t s .  ' i s t i a l ly  t h e s e  i n a t e r i a l s  w i l l  r e i i u i r c  on1I.y s t anda rd  

packc2ging and w i l l  p r e s e n t  no phys ica l  s t a h i l  i t y  probleins in the  

f i e l d .  

C las s  111 i n a t e r i a l s  rnay o r  may not r e q u i r e  s p e c i a l  packaging 

depending upon t.he e f f e c t  of ino is ture  on1 t h e  phys ica l  s t a b i l i t y  

and appearance  o f  t h e  m a t e r i a l .  C la s s  I V  i ? a t c r i a l , j ,  w i t h  a few 
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362 CALLAHAN ET AL. 

excep t ions ,  shou ld  be m o d i f i e d  c h e m i c a l l y  t o  render  them l e s s  

hygroscop ic  

Th is  c l a s s i f i c a t i o n  i s  no t  a p p l i c a b l e  i f  o b j e c t i o n a b l e  changes i n  

t h e  p h y s i c a l  appearance occu r  a t  c e r t a i n  r e l a t i v e  h u m i d i t i e s .  A 

C lass  I 1  m a t e r i a l  would change t o  a C lass  I I I  m a t e r i a l  i f  an 

o b j e c t i o n a b l e  p h y s i c a l  change occur red  a t  r e l a t i v e  h u m i d i t i e s  

below 90%. Fur thermore ,  a C lass  111 n a t e r i a l  would become Class  

I V  i f  o b j e c t i o n a b l e  changes occur red  a t  r e l a t i v e  h u m i d i t i e s  below 

75%. 

I n  a d d i t i o n ,  obse rva t i ons  and p h y s i c a l  d e s c r i p t i o n s  o f  m a t e r i a l s  

a f e r  exposure t o  RH exper iments  would be u s e f u l  a d d i t i o n a l  

i n f o r m a t i o n  i n  such s tud ies .  

RESULTS AND D I S C U S S I O N  

Powdered e x c i p i e n t s  and s o l i d s  may h o l d  water  e i t h e r  by p h y s i c a l  means 

(adso rp t i on ,  abso rp t i on ,  o r  occ lus ion ,  s o - c a l l e d  " f r e e  w a t e r " )  o r  by 

chemical  means ( w a t e r  o f  h y d r a t i o n ,  o r  "bound wa te r " ) .  As f a r  as  EMC 

i s  concerned, s o r p t i o n  o r  d e s o r p t i o n  o f  m o i s t u r e  o f  wa te r  vapor f rom 

t h e  su r round ing  atmosphere i s  p r i m a r i l y  a p h y s i c a l  process. 

The i n i t i a l  m o i s t u r e  con ten t  o f  t h e  t h i r t y  pharmaceut ica l  e x c i p i e n t s  

s t u d i e d  a r e  p resen ted  i n  Tab le  4. The e x c i p i e n t s  range i n  m o i s t u r e  

con ten t  from l e s s  than 0.1 p e r c e n t  f o r  sucrose and anhydrous d i c a l c i u m  

phosphate t o  inore than 10 pe rcen t  f o r  g e l a t i n  and po lyp lasdone  XL. 

Most o f  these va lues  were determined by l o s s  on d r y i n g  i n  a vacuum oven 

a t  6OoC. 

The pe rcen t  EMC a t  2 5 O C  and d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  f o r  

t w e n t y - s i x  e x c i p i e n t s  t o g e t h e r  w i t h  t h e i r  h y g r o s c o p i c i t y  c l a s s i f i c a t i o n  
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(EMC) OF PHARMACEUTICAL EXCIPIENTS 

a r e  summarized i n  T a b l e  5. S t u d i e s  were conduc ted  <it 2OoC f o r  f o u r  

o t h e r  m a t e r i a l s :  I.<., powdered c e l  ulose,  b e n t o n i t e ,  g e l a t  i n ,  and 

p o l y p l a s d o n e  XL. The c o r r e s p o n d i n g  r e l a t i v e  h u m i d i t i e s  a t  2OoC a r e  

a p p r o x i m a t e l y  one o r  two  p e r c e n t  h i g h e r  t h a n  t h e  v a l u e s  r e p o r t e d  a t  

25OC. However, t h e  d i f f e r e n c e  i n  RH v a l u e s  i s  n o t  c o n s i d e r e d  

s r g n i f i c a n t  w i t h  r e s p e c t  t o  t h e  EMC v a l u e s  repo r ted , ,  

3 63 

Almos t  t w o - t h i r d s  o f  t h e  e x c i p i e n t s  t e s t e d  a r e  e i t h e r  C l a s s  I o r  I 1  

r n d t e r i a l s .  These e x c i p i e n t s  a r e  p r i m a r i l y  t a b l e t  and c a p s u l e  f i l l e r s ,  

and c o n d i t i o n i n g  agen ts .  The r e s t ,  which1 a r e  inore h y g r o s c o p i c ,  a r e  

p r irna r i 1 y t a b l  e t  b i nde r s  and t a b  1 e t  d i s i n t eg r an t s . 
F i v e  c e l l u l o s i c  f i l m  f o r m e r s  were a l s o  s t u d i e d .  Thi?y r a n g e  f rom l e s s  

h y g r o s c o p i c ,  Pthy l  c e l l u l o s e  ( I )  and c e l l u l o s e  a c e t t 2 t e  p h t h a l a t e  (11) 

t o  more h y g r o s c o p i c ,  h y d r o x y p r o p y l  c e l l u l o s e  ( I I I ) ,  h y d r o x y p l r o p y l  

i n e t h y l c e l l u l o s e  ( I I I ) ,  and sodium c a r b o x y m e t h y l  c e l l u l o s e  ( I , / ) .  

I n t e r e s t i n g l y  enough, anhydrous  m a t e r i a l  I ; ,  such as ~ l i c a l c i u m  p h o s p h a t e  

aiid l a c t o s e ,  w h i c h  were presurned t o  h y d r a t e  r a p i d l y  i n  t h e  p r e s e n c e  o f  

h i g h  h u m i d i t y  a t inospheres,  were found  t o  be m o i s t u r e  s t a b l e ,  

n o n - h y g r o s c o p i c  ( C l a s s  I )  d i l u e n t s .  

EMC c u r v e s  f o r  f o u r  r e p r e s e n t a t i v e  e x c i p i e n t s  (anhydrous  l < i c t o s e ,  

c e l l u l o s e  a c e t a t e  p h t h a l a t e ,  magnesium a luminum s i l i c a t e  and p o v i d o n e )  

a r e  p r e s e n t e d  i n  F i g u r e  2. 

CONCLUS r o w  

E q u i l  i h r i u m  m o i s t u r e  c o n t e n t  ( E M C )  was d e t e r m i n e d  f o r  t h i r t y  coiimon 

p h a r m a c e u t i c a l  e x c i p i e n t s .  A inethod f o r  c l a s s i f y i n q  t h e  h ,yg roscop ic  

p r o p e r t i e s  o f  polddered m a t e r i a l s  and s o l  i d s  was p r e s e n t e d .  Such d a t a  

and t h e  inethotl  d e s c r i b e d  f o r  d e t e r m i n i n g  EMC s h o u l d  f i n d  a l 3 p l i c a t i o n  i n  

p r e f o rinu 1 a t  i or1 work . 
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364 CALLAHAN ET AL.  

Exc I p I en t  

TABLE 4 

INITIAL MOISTURE CONTENT OF PHARMACEUTICAL 

Sucrose U.S.P. 
Dlcalclum Phosphate, Anhyd. U.S.P. 
Lactose U.S.P., Anhydrous 
Lactose U.S.P., Monohydrate 
Lactose U.S.P. , Spray Dr led 
Lactose U.S.P., Beadlets 
Polyethylene Glycol  3350 N.F. 
Poloxamer 188 
S l l l c o n  Dloxlde, Co l l o lda l  N.F. 
So rb l to l  U.S.P. 
Ethy lce l  lulose N.F. 
Dlca l .  Phosphate Dlhydrate U.S.P. 

Sodium Starch G lyco la te  N.F. 
Hydroxypropyl Methy lce l lu lose U.S.P. 
Cel lulose Acetate Phthalate N.F. 
Magneslum Stearate N.F. 
Hydroxypropyl Cel lu lose 
Cel lulose, Mlcrocrysta l  I Ine N.F. 
Povldone U.S.P. 
Cel lulose, Powdered N.F. 
Bentoni te  N.F. 
Magnesium Alumlnum S l l  l c a t e  N.F. 
P rege la t l n l zed  Starch N.F. 
Starch U.S.P., Corn 
Dlca l  Phosphate Dlhydrate 

U.S.P. unmi I led 
Dex t r a t e s  
Dextrose U.S.P. 
Sodium Carboxymethyiceliulose U.S.P. 
G e l a t i n  U.S.P. 
Pol yp I asdone XL 

m l  I led 

Suppller 6 L o t  Number 

Amstar Co. (51995) 
Monsanto Co. (RNB4768) 
Humko Products (8NH22-21) 
Ma l l i nck rod t  Chem. (81523) 
Foremost Foods (56165) 
Foremost Foods (RB806) 
McKesson Co. (8192-8209) 
BASF Wyandotte (WPEA536B) 
Cabot Corp. ( lL288) 
I C I  Amerlcas, Inc. (2404Jl) 
Hercules (58587) 

Monsanto Co. (05587) 
Edward Mendell Co. (959) 
D o w  Chemlcal Co. (QP0502-801-€1 
Eastman Chemical (C-2104) 
S.B. Penlck Co. (338 NBS-003) 
Hercu I 8s (6387) 
FMC Corp. (1929) 
GAF Corp. (6904298) 
Brown Co. (30150) 
Whlttaker, C la rk  6 Danie ls  (NG3977) 
R.T. Vanderbl it Co. (NV1640) 
National Starch (HJW103) 
National Starch (421 1 

Stau f fe r  Chemical Co. (16) 
Edward Mendel I Co. (M-10) 
CPC Internat ional  (CP44) 
Hercules (76493) 
Kind 6 Knox Ge la t i n  Co. 
GAF Corp. (457-28) 
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(EMC) OF PHARMACEUTICAL EXCIPIENTS 365 

EXCIPIENTS USED IN THE STUDY 

I n 1 ti al  
Molsture 
Content 

CO. 1 % 
40.1 % 
0.2% 
0.2s 
0.2% 
0.2% 
0.3% 
0.3% 
0.6% 
0.7% 
0.75 

1.1% 
I .2% 
2.1% 
2.2% 
3.0% 
3.1% 
3.6% 
4.5% 
5.7% 
5.7% 
6.0% 
7.0% 
7. 1 %  

8.0% 
8.2% 
8.3% 
8.5% 
10.6% 
1 1  .S% 

Test Method 

1)SPXX Method I I I, p.960-16 h r s  a t  105% 
Vacuum Oven - 16 hrs. a t  60.C 
CISPXX Method I ,  p.988 (K. Flscher)  
Vacuum Oven - 16 hrs. a t  OO'C 
Vacuum Oven - 16 hrs. a t  b0.C 
Vacuum Oven - 16 hrs. a t  OO'C 
Vacuum Oven - 16 hrs. a t  6O'C 
Vacuum Oven - 16 hrs. a t  OO'C 
Vacuum Oven - 16 hrs. a t  6O'C 
l lSPXX Method I ,  p.988 (K. Fischer)  
Vacuum Oven - 16 hrs. a t  bO'C 

Vacuum Oven - 16 hrs. a t  60°C 
Vacuum Oven - 20 hrs. a t  60'C 
Vacuum Oven - 16 hrs. att50'C 

N.F. XV, p.1219 - 2 hrs. a t  6a0c 
N.F. XV,  p.1235 - 3 hrs. . a t  105OC 
\facuum Oven - 16 hrs. a t  tS0'C 
N.F. X V ,  p.1218 - 4 hrs, a t  105OC 
\lacuum Oven - 16 hrs. a t  t5O'C 
NF X V ,  p.1219 - 2 hrs. a t  105'6 
NF XV, p.1210 - 2 hrs. a t  105'C 
\'acuum Oven - 20 hrs. a t  hO'C 
Vacuum Oven - 20 hrs. a t  t50'C 
\/acuum Oven - 16 hrs. a t  60'C 

\lacuum Oven - 16 hrs. a t  150% 
Vacuum Oven - 16 hrs. a t  150'C 
(JSPXX Method I I  I ,  p.960 - 16 hrs  a t  1085°C 
(JSPXX Method I I I, p.960 - 16 hrs a t  l05OC 
M A C  Method, 12th Ed., p.222 
llSpXX Method I, p.988 (K. Fischer)  
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366 CALLAHAN ET AL. 

TABLE 5 

EQUILIBRIUM WISTURE CONTENT OF 

Percent EMC at 25'C 

ll$RH 23$RH 33,%RH 43$RH ---- Exc I p lent 

Dlcalclum Phosphate, Anhyd. U.S.P. (0.1 --- co.1 co.1 
Lactose U.S.P., Beadlets 0.2 --- 0.2 0.2 
Lactose U.S.P., Monohydrate 0.2 --- 0.2 0.2 
Lactose U.S.P., Spray Dried 0.5 --- 0.5 1 .o 
Dlcal. Phosphate Dlhydrate, USP m l l l e d  1.1 1.5 1.7 1.8 
Lactose U.S.P., Anhydrous 0.2 --- 0.2 0.2 
Ethylcel lulose N.F. 0.3 0.6 0.9 0.9 
Magnesium Stearate N.F. 3.1 3.6 3.1 3.1 

Col loldal SI I Icon Dioxide N.F. 0.0 --- 0.6 0.6 
Dlcal. Phosphate Dlhydrate USP unmll led 8.0 8.1 8.1 8.2 

Cel lulose Microcrystal I Ine N.F. 0.2 2.4 3.7 4.5 
Cellulose Acetate Phthalate N.F. 2.2 3.2 3.7 5.1 
Sucrose U.S.P. 0.0 0.2 0.3 0.6 
Dextrose U.S.P, 7.7 8.6 8.4 8.6 
Poloxamer 188 0.4 0.3 0.8 0.6 
Powdered Cellulose N.F.' 7.4 --- 9.1 7 .O 
Dextr a tes 7.7 8.1 8.6 8.8 
Polyethylene Glycol 3350 N.F. 0.3 --- c0.3 0.2 
Hydroxypropyl Cel I ul ose 0.9 1.9 3.0 3.8 
Hydroxypropyl Methylcel lulose U.S.P. 1.9 2.6 3.5 4.3 
Bentonite N.F.' 2.1 4.5 5.5 5.6 
Pregelatlnlred Starch N.F. 5.3 --- 7.8 8.7 
Starch U.S.P., Corn 5.5 --- 8.0 10.0 
Magneslun Aluminum SIIlcate N.F. 3.7 --- 6.0 7.4 
Gelatin U.S.P.' 8.2 9.4 10.0 9.6 
Sodium Starch Glycolate N.F. 3.8 --- 6.2 7.7 
Polyplasdone XL* 7.3 13.0 13.1 16.7 
Povldone U.S.P. 5.1 8.2 12.2 14.4 
Sorbltol U.S.P. 0.7 0.8 1.4 1.2 
Sodium Carboxymethylcellulose U.S.P. 7.4 9.2 15.1 14.5 

* EMC values determlned at 20% where relative humiditles are 
approxlmatet y one percent greater 
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(EMC) OF PHARMACEUTICAL EXCIPIENTS 

PHARMACEUTICAL EXCIPIENTS 

367 

and D l f f e r e n t  R t e t l v e  H u m l d l t l e s  
Hygrosc:op Ic l  ty 

52%RH 64JRH 75gRH 83PRH 93%RH lOOi%RH c: I ass - - - - - -- ----. 

< O * l  CO.1 <0.1 (0.1 0.5 7.0 II 
0.2 0.2 0.2 0.2 1.0 17.0 II 

0.2 0.2 0.2 0.2 0.2 17.5 I 
1 .o 1 .o 1 .o 1 .o 1.5 21.5 !I 
1.3 1.4 1.4 1.3 1.5 ---- I 
0.2 0.5 1 .o 1.5 3.0 27. I 
1.3 2.2 2.7 3.3 5.0 --.-- I 
3.2 3.3 3.5 5.0 6.9 ---- I 

8.3 8.4 8.4 0.2 0.2 --.-- I 

1.7 2.6 3 . 4  4.8 13.5 341.9 
5.4 6.6 8.1 9.1 13.2 ----- I1 
6.0 7.5 al.7 9.5 11.9 ----- I I  

1.6 0.2 0.4 0.2 38.7 ---- 1 1  
9.7 9.2 10.0 9.7 31.2 ----- I I  

I1 0.9 0.9 1.4 3.8 44.1 -."-_ 
7.9 9.3 11.0 12.4 16.0 ----- I I  
9.3 10.2 11.7 13.9 51.1 -.--_ 
0.6 1.1 2.0 4.0 48.3 62.2 
5.4 7.3 11.0 12.7 21.3 ---- I l l  
5.9 7.9 10.5 12.8 25.7 ---- I J J  

6.7 9.9 12!.2 13.7 19.5 ---- I l l  

10.4 12.1 14.7 16.0 22.7 315.4 I l l  
11.6 13.2 14.4 19.1 21.5 115.5 I l l  
10.1 13.4 15.1 16.7 22.0 39.4 I l l  

I l l  12.6 15.4 1 8 . 4  20.2 33.1 
9.5 12.6 17.3 22.4 41.4 60.5 I V  

19.0 22.2 27.7 29.6 38.0 ---- I V  

17.6 21.8 27.8 31.9 44.8 ---- I V  
1.8 2.7 28.4 36.0 50.8 ---- I V  

19.5 21.4 25.8 30.0 46.2 ---- I V  

I --- 

II 

I I  --- 

-_-_ --- 
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3 68 CALLAHAN ET AL. 

PERCENT RELATIVE H U M 1  D I  TY 

F i g .  2. - EMC Curves f o r  R e p r e s e n t a t i v e  E x c i p i e n t s  

Key: 0 Class  I - Non-Hygroscopic 

Acco rd ing  t o  Hygroscop ic  C l a s s i f i c a t i o n  

(Anhydrous L a c t o s e  USP) 

( C e l l u l o s e  A c e t a t e  P h t h a l a t e  N.F.) 

(Magnesium Aluminum S i l i c a t e  N.F.) 

(Pov idone U.S.P.) 

A Class  I 1  - S l i g h t l y  Hygroscop ic  

0 Class  I11 - M o d e r a t e l y  Hygroscop ic  

0 Class  IV - Very Hygroscop ic  
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