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ABSTRACT 

Direct compression formula t ions  w e r e  developed f o r  

a m p i c i l l i n  us ing  methyl v i n y l  e ther /male ic  anhydride 

copolymer (I) and v i n y l  a c e t a t e / c r o t o n i c  acid copolymer 

(11) as binders .  A comparison w a s  made between t h e s e  

f o r m u l a t i o n s  and w e t  g r a n u l a t i o n  method us ing  g e l a t i n  

as b i n d e r  regard ing  t h e  chemical  s t a b i l i t y  of  a m p i c i l l i n  

as a f u n c t i o n  of r e l a t i v e  humidity (55  t o  90%) and 

l T o  whom e n q u i r i e s  should be d i r e c t e d .  
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242 NUZI, EL-RASHIDY, AND EL-WAS 

temperature (40 to 75OC) .  Polymer I showed least 

moisture uptake followed by polymer I1 and gelatin. 

The mechanism suggested here involves moisture uptake 

and dissolution followed by chemical decomposition. 

The temperature had lesser effect on stability because 

of low activation energies but an Arrhenius relation- 

ship was established for three formulations studied. 

It was concluded that formulation using polymer I gives 

the most ideal combination of physiochemical proper- 

ties for the direct compression of ampicillin in solid 

dosage forms . 
INTRODUCTION 

The complex nature of drug stability in solid 

state (1-14) makes the kinetic evaluations of drug 

decomposition reactions less reliable (3,4). Ampicil- 

lin, a semi-synthetic penicillin, undergoes several de- 

composition reactions in solution state (15-19), main- 

ly due to the sensitive nature of its p-lactam ring to 

moisture and pH. The solid state stability of am- 

picillin has, however, been little investigated (20,211. 

The purposes of this paper were to report solid state 

stability profiles of ampicillin dosaue forms prepared 

by directly compressing formulations containing optimum 

concentrations of polymers, methyl vinyl ether/maleic 

anhydride copolymer (I), vinyl acetate/crotonic acid 
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DIRECT COMPRESSION AMPICILLIN FORMULATIONS 243 

copolymar (11) and by wet granulation using gelatin 

solution (22). The stability properties of ampicillin 

as a function of moisture and temperature in these form- 

ulations provide information on the mechanism of de- 

composition and the choice of the best formulation for 

the direct compression of ampicillin in compressed 

dosage form. 

EXPERIMENTAL 

Materials : Ampicillin monohydratel , methyl vinyl ether/ 
maleic anhydride copolymer2 , vinyl acetate/crotonic acid 
copolymer3, gelatin4 , magnesium stearate5 , hydroxylamine 
hydrochloride6, anhydrous sodium acetate’ , ferric 
ammonium sulfate’ , and sodium hydroxide9 were obtained 
from commercial. sources. 

Apparatus : 

machinel’ , and constant temperature incubator12 were 

used. 

Spectrophotometer”, single punch tabletting 

Tablet Fomlations: Three formulations of ampicillin 

monohydrate were prepared as shown in Table I and 

lWyeth Laboratories, Philadelphia , PA 
~ G A F  Corporation, N.Y., N.Y. 
3Ciba Corporation, Basle, Switzerland 
4-9 1 121?isher Scientific Co. , Chicago, IL 
”Carl-Zeiss, Jene, Germany 
llErweka, Frankfurt, Germany 
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244 NIAZI ,  EL-RASHIDY, AND EL-WAS 

T a b l e  I 

Direct Compression F o r m u l a t i o n s  of Ampicil l in 

Component 

A m p i c i l l i n  monohydrate  

S t a r c h  

T a l e :  Magnesium 
S t e a r a t e  (9: 1) 

Polymer I 
(Methyl  V iny l  e t h e r / m a l e i c  
a n h y d r i d e  copolymer) 
Polymer I1 
(Viny 1 ace tate/cro t o n i c  
acid copolymer)  

G e l a t i n  s o l u t i o n  (5%) 

T o t a l  T a b l e t  Weight 

I 

125.0 

65.0 

6.0 

4 .O 

- 

200 m g  

I1 

125.0 

59.0 

6.0 

10.0 

200 m g  

I11 

125.0 

60.0 

6.0 

- 
q.s. 

200 m g  

t ab le t s  p r e p a r e d  by direct  compress ion  i n  s i n g l e  punch 

t a b l e t t i n g  machine u s i n g  polymer I and I1 and by w e t  

g r a n u l a t i o n  u s i n g  g e l a t i n  s o l u t i o n .  

S t o r a g e  T e s t s :  S e t s  of 20 t ab le t s  were k e p t  a t  4OoC 

and a t  f o u r  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  of 40, 5 5 ,  7 5  

and 90% and a t  55% r e l a t i v e  humid i ty  a t  t h r e e  d i f f e r e n t  

t e m p e r a t u r e s  of 40°, 5S0, and 7OoC i n  a d e s s i c a t o r .  

The d e s i r e d  humid i ty  i n  t h e  d e s s i c a t o r  w a s  m a i n t a i n e d  
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DIRECT COMPRESSION AMPICILLIN FORMULATIONS 245 

by a d j u s t i n g  t h e  Concentrat ion o f  sodium hydroxide so lu-  

t i o n s  p laced  i n  t h e  dessicator and monitored by a hygro- 

meter. The tablets  w e r e  p e r i o d i c a l l y  analyzed f o r  t h e i r  

a m p i c i l l i n  c o n t e n t  and change i n  weight due t o  m o i s t u r e  

uptake.  

k n a l y s i s  of Ampici l l in:  

d i s s o l v e d  i n  100 m l  d i s t i l l e d  water and t h e  s o l u t i o n  

f i l t e red .  The f i l t r a t e  w a s  d i l u t e d  1:20 and t o  1 m l  

p o r t i o n ,  3 m l  of n e u t r a l i z e d  hydroxylamine s o l u t i o n  were 

added followed by 1 m l  of f e r r i c  ammonium s u l f a t e  so lu-  

t i o n ,  three minutes  l a t e r .  The absorbance w a s  read  a t  

550 nm. T h i s  method allows t h e  q u a n t i t a t i o n  of  i n t a c t  

a m p i c i l l i n  i n  t h e  presence of i t s  decomposition products .  

The de t a i l s  of t h i s  method w e r e  r e p o r t e d  elsewhere (18, 

19). 

One tablet  w a s  ground and 

RESULTS AND DISCUSSION 

The purpose of t h i s  i n v e s t i g a t i o n  w a s  t o  s t u d y  t h e  

s t a b i l i t y  of  a m p i c i l l i n  i n  solid dosage forms prepared 

by direct  compression. The formula t ions  of a m p i c i l l i n  

c o n t a i n i n g  polymer I and I1 (Table I) r e p r e s e n t  t h e  

optimum c o n c e n t r a t i o n  of t h e s e  polymers r e q u i r e d  t o  

g i v e  d e s i r e d  t a b l e t  p r o p e r t i e s ,  such as f r i a b i l i t y ,  

d i s i n t e g r a t i o n  and d i s s o l u t i o n  a s  r e p o r t e d  earlier (22) .  

?he use  of 5 %  aqueous g e l a t i n  s o l u t i o n  w a s  made t o  
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246 NLAZL, EL-RASHIDY, AND EL-KKWAS 

p r e p a r e  tablets  by w e t  g r a n u l a t i o n  method f o r  compara- 
t i v e  purposes .  

Mois tu re  Uptake: It  h a s  o f t e n  been suggested (1) t h a t  

t h e  decomposition of d r u g s  i n  s o l i d  state p recedes  by 

m o i s t u r e  up take  r e s u l t i n g  i n  t h e  localized d i s s o l u t i o n  

of t h e  drugs. The ra te  and t h e  e x t e n t  o f  water up take  

w a s  s t u d i e d  for t h e  t h r e e  f o r m u l a t i o n s  l i s t e d  i n  Tab le  I 

as a f u n c t i o n  of r e l a t i v e  humidi ty  and t empera tu re .  

Although it h a s  been demonstrated (23) t h a t  a m p i c i l l i n  

i t s e l f  does n o t  a b o s r b  any mois ture ,  t h e  u p t a k e  o f  

m o i s t u r e  was s i g n i f i c a n t  by t h e  t h r e e  f o r m u l a t i o n s  

s t u d i e d .  As shown i n  F i g s .  1 and 2 the m o i s t u r e  up take  

was both a f u n c t i o n  of t empera tu re  and r e l a t i v e  humidi ty .  

I n  a l l  i n s t a n c e s  t h e  m a x i m u m  m o i s t u r e  u p t a k e  took 40-50 

days.  Formulat ion I showed t h e  least up take  o f  

moi s tu re  and t h e  increase i n  t h e  up take  w a s  g r a d u a l  as 

t h e  t empera tu re  or humidity i n c r e a s e d  compared t o  

fo rmula t ion  11. 

The major f a c t o r  r e s p o n s i b l e  for t h e  d i f f e r e n c e s  

i n  t h e  m o i s t u r e  uptake between t h e  t h r e e  f o r m u l a t i o n s  

s t u d i e d  i s  t h e  b i n d e r  used t o  p r e p a r e  t h e  t a b l e t s  

(Table  I). Formulat ion I con ta ined  2 %  of polymer I 

which h a s  o f t e n  been used a s  a c o a t i n g  material f o r  

i t s  desirable  f i l m  forming p r o p e r t i e s .  I t  s e e m s  

l i k e l y  t h a t  t h i s  p rope r ty  might p l a y  a n  impor t an t  r o l e  
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DIRECT COMPRESSION AMPICILLIN FORMULATIONS 247 

i n  t h e  lower mois ture  uptake by t h e  formula t ion  con- 

t a i n i n g  t h i s  polymer. Formulation I1 c o n t a i n i n g  5% of 

polymer 11 absorbed h igher  mois ture  p o s s i b l e  due to  i ts  

hygroscopic  p r o p e r t i e s  and/or to  t h e  h igher  concentra-  

t i o n  of t h e  polymer used t o  o b t a i n  d e s i r a b l e  t ab le t  

p r o p e r t i e s .  Formulation I11 conta ined  5 %  aqueous gel- 

a t i n  s o l u t i o n  a$ b i n d e r  and w a s  included here f o r  com- 

p a r a t i v e  purposes  a s  ar. example of wet: g r a n u l a t i o n  

method. As can be expected,  a d d i t i o n  of g e l a t i n  re- 

s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e  i n  t h e  mois ture  uptake 

making this formula t ion  less desirable t h a n  t h e  o t h e r  

t w o .  

It should be poin ted  o u t  t h a t  t h e  comparison 

between polymer I and I1 is  made based on t h e i r  con- 

c e n t r a t i o n  provid ing  most d e s i r a b l e  tablet  p r o p e r t i e s  

and i n  t h i s  e v a l u a t i o n  formula t ion  I seems to  be pre- 

f e r a b l y  over  formula t ion  11. Another a s p e c t  t h a t  need 

a t t e n t i o n  is  t h a t  the mois ture  uptake i s  an apparent  

p r o p e r t y  only  and may n o t  r e f l e c t  t he  t r u e  v a l u e s  

s i n c e  t h e  weight change does n o t  account  for the 

p o s s i b l e  loss of any v o l a t i l e  components; t h u s  form- 

l a t i o n  showing h igher  uptake w i l l  involve  g r e a t e r  under- 

e s t i m a t i o n  s i n c e  t h e  r a t e s  of reaction r e s u l t i n g  i n  

p o s s i b l e  v o l a t i l e  components w i l l  be  d i r e c t l y  de- 

pendent on t h e  mois ture  uptake.  The data p r e s e n t e d  
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248 NIAZI, EL-RASHLDY, AND E L - W A S  

h e r e ,  t h e r e f o r e ,  p r o v i  'e mre conservative y e t  s t i l l  

va l id  compar i sons  between f o r m u l a t i o n s .  

Some i n s i g h t  i n t o  t h e  mechanism o f  m o i s t u r e  u p t a k e  

c a n  be d e r i v e d  from F i g s .  1 and 2 .  I n  g e n e r a l ,  t h e  

maximum moisture u p t a k e  w a s  only s l i g h t l y  i n c r e a s e d  a s  

t h e  re la t ive  humid i ty  i n c r e a s e d  from 55 to  75% b u t  

f u r t h e r  i n c r e a s e  i n  humid i ty  r e su l t ed  i n  p r o p o r t i o n a t e l y  

much l a r g e r  i n c r e a s e  i n  t h e  m o i s t u r e  u p t a k e  by a l l  t h e  

f o r m u l a t i o n s  s t u d i e d .  It is possible t h a t  a t  h i g h e r  

humid i ty  a n  a p p a r e n t  s a t u r a t i o n  o f  t h e  sites r e s p o n s i b l e  

f o r  d i f f u s i o n a l  r e s i s t a n c e  o c c u r s  f a c i l i t a t i n g  t h e  

d i f f u s i o n  p r o c e s s .  A similar argument  c a n  be p r e s e n t e d  

f o r  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  f o r m u l a t i o n s  I1 and I11 

(F ig .21 ,  where t e m p e r a t u r e  above 55 C a p p a r e n t l y  r e s u l t s  

i n  a s i g n i f i c a n t  decrease i n  d i f f u s i o n a l  r e s i s t a n c e .  

The e f f e c t  o f  t e m p e r a t u r e  on m o i s t u r e  u p t a k e  by formula-  

t i o n  I w a s  almost l i n e a r  o v e r  t h e  r a n g e  s t u d i e d  possibly 

due  t o  l a c k  of a p p r e c i a b l e  a f f i n i t y  of t h e  b i n d e r  t o  

m o i s t u r e .  

0 

Chemical -- S t a b i l i t y :  A m p i c i l l i n ,  lib? o t h e r  p e n i c i l l i n s ,  

undergoes  h y d r o l y s i s  d u e  t o  t h e  s t r a i n e d  (10-20 Kcal/ 

mole) fo iJc  membered p- lac tam r i n g  r e s u l t i n g  i n  p e n i c i l l a l -  

dehyde,  p e n c i l l a m i n e  and c a r b o n  d i o x i d e  (16 ,231 .  T h i s  

r e a c t i o n  h a s  been  d e m o n s t r a t e d  t o  follow a n  a p p a r e n t  

f i r s t  order k i n e t i c s  (16). Some i n s i g h t  i n t o  t h e  
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FIGURE 1 

Maximum moisture uptake a s  a func t ion  of re la t ive 
humidity a t  4OoC. 

mechanism of reaction i n  t h e  formulation s tudied  can be 

der ived  from t h e  da t a  presented i n  Fig.3. An apparent  

l og - l inea r  r e l a t i o n s h i p  ex i s t s  between t h e  ampic i l l i n  

conten t  remaining a s  a func t ion  of t i m e  f o r  formulation 

I .  S imi la r  p l o t s  w e r e  obtained for t h e  o t h e r  t w o  

formulat ions.  

are repor ted  i n  Table 11. 

The ha l f  l i v e s  of decomposition a t  4OoC 
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250 NIAZI, EL-RASHIDY, AND EL-KHWAS 
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FIGURE 2 

Maximum moisture uptake as a funciton of temperature 
at 55% relative humidity. 

An interesting observatiori was the presence of 

lag time at lower relative humidity values for a l l  

formulations. Such observations have previously been 

reported for other drugs (24) and w e r e  attributed to 

the access of moisture to the drug and the solution 

process. At high relative humidity the lag time seems 

to disappear ( 2 4 )  due to the higher access of moisture 

to the  formulations studied (Fiq.3). 
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DIRECT COMPRESSION AMPICILLIN FORMUL4TIONS 251 

2.06 ::::I 
2-05 t 
2.04 t 9 0 %  P 
2.03 

0 8 16 24 32 40 48 56 

Time, days 
FIGURE 3 

Decomposition of ampicillin in formulation I at 4OoC 
and different relative humidities. 

The effect of moisture uptake on the decomposition 

rate can be discerned from Table 11. An interesting 

correlation can be derived from Fig.4 where the half 

lives of ampicillin are plotted as a function of mois- 

ture uptake. 

mately 3% seems to increase the decomposition rate, much 

higher uptake lidd lesser effect. Referring back to 

Fig.2, it can be concluded that an increase in lower 

Although moisture uptake upto approxi- 
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Formula t i o n  

Re l a  t ive  
Humidity % 

I I1 I11 

5 5  336 239 201 

7 5  182 150  118 

90 150 108 70 
i 

N U Z I ,  EL-RASHIDY, AND E L - W A S  

T a b l e  I1 

Half  Lives ( d a y s )  of A m p i c i l l i n  a t  4OoC i n  
T h r e e  F o r m u l a t i o n s  as a F u n c t i o n  o f  

Relat ive Humidity. 

r e l a t i v e  humid i ty  a f f e c t s  t h e  decompos i t ion  r a t e  more 

t h a n  i n c r e a s e s  i n  h i g h  r e l a t i v e  humid i ty .  

The d a t a  p r e s e n t e d  h e r e  c a n  be e x p l a i n e d  i n  terms 

of a t h e o r y  p roposed  ear l ier  (15) t h a t  low a m p i c i l l i n  

c o n c e n t r a t i o n  r e s u l t s  i n  i n c r e a s e d  h a l f  l i f e  of de- 

composi t ion .  I t  is p o s s i b l e  t h a t  h i g h e r  m o i s t u r e  

c o n t e n t  r e s u l t s  i n  t h e  d i l u t i o n  of a m p i c i l l i n  r e s u l t i n g  

i n  much l o w e r  i n c r e a s e  i n  i ts decompos i t ion .  T h i s  

c o n t e n t i o n  is f u r t h e r  s u b s t a n t i a t e d  by t h e  f a c t  t h a t  

an a l l  i n s t a n c e s  t h e  decompos i t ion  h a l f  l i v e s  were 

much l o n g e r  than  t h e  t i m e  needed for t h e  maximum 

s a t u r a t i o n  o f  t h e  f o r m u l a t i o n .  T h i s  would mean t h a t  

t h e  s o l u t i o n  fo rma t ion  is n o t  t h e  r a t e  l i m i t i n g  s t e p  
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340 
300 

260 

220  

180 

140 

100 

GO 

- I  

0 2 4 6 8 10 
Maximum moisture uptake, % 

FIGURE 4 

Decomposition half lives of ampicillin formulation as 
a function of maximum moisture uptake at 4OoC. 

in the deterioration of the formulations rather the 

solution composition resulting due to the moisture 

uptake. 

Effect of temperature: The rates of the chemical de- 

composition of ampicillin were studied at 4OoC, 55OC 

and 7OoC and as shown in Fig.5, an Arrhenius type 

relationship exists €or the three formulations studied. 

Interestingly, the activation energies were almost 
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0.09 

0 .08  

0 .07  

0 . 0 6  m 
0 
4 

X 0 . 0 5  
X 

0.03 

0.02 

0.01 

\ \ \  
\ \ I  
\ \ I  

\ I  
\ I  \ '  \ '  

# I I 1 1 1 ,  

3.0 3.1 3.2 3.3 3.4 3 .5 

103 
F I G U R E  5 

Arrhenius plot of ampicillin in three formulations dt 
55% relative humidity extrapolated to room temperature. 

identical ranging from 6.02 to 6.77 Kcal/mole. 

discussed earlier, the dissolation of the drug  

precedes utcomposition and a change in temperature 

will affect the rate of reaction by increasing the 

diffusion of water vapors through the formulation, 

As 
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increasing the dissolution and thus increasing the rate 

of decomposition. It can, therefore, be inferred that 

relatively similar mechanisms exist for the decomposi- 

tion of ampicillin in the three formulations studied 

with similar temperature dependency. 

The activation energy valued reported here are, 

however, lower than reported previously for ampicillin 

decomposition (16). This observation can be explained 

on the basis of possible contribution of formulation 

factors in facilitating the decomposition reaction. 

From the data presented above it can be concluded 

that the formulation containing polymer I exhibits the 
most ideal stability properties for direct compression 

formulations of ampicillin. The mechanism of the de- 

composition of ampicillin in directly compressed dosage 

forms involves moisture uptake which significantly 

affects the stability of the drug in the formulation. 

The temperature effect was less significant because of 

low activation energies inGolved. 
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