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EFFECT OF PlOISTURE ON THE PHYSICAL AND CHEMICI1L STABILITY 
OF GWJLATIONS AlJD TPBLETS OF THE ANGIOTENSIN 
CONVI~ING ENZYME INHIBITOR, ENFL'WRIL MALEATE 

P. K. Shiromani and J. F. Bavitz 
Pharmaceutical Development Department 

Merck Sharp & Dohm Research Laboratories 
West Point ,  PA 19486 

Granulations and t a b l e t s  of ena lap r i l  maleate i n  a lac tose  

matrix were s tored i n  (open petri  dishes  a t  a range of r e l a t i v e  

humidities and respect ive moisture uptakes measured, 

the  m i s t u r e  uptake r a t e s  measured a t  t he  (exaggerated humidities 

yielded a c r i t i c a l  humidity, i.e. humidity where the imis ture  uptake 

r a t e  is zero and, therefore,  l e a s t  detr imental  t o  the  product. 

Extrapolation of 

Enalapri  1 maleate was reasonably s t a b l e  at. the s torage 

conditions. The hardness of t he  t a b l e t s  decreased a t  a l l  humidities 

except when s tored with s i l i ca-ge l .  

unaffected except a t  very high humidities. 

of the  t a b l e t s  remiined unchanged. 

The d i s i n t e g r a t h n  times were 

The d isso lu t ion  p r o f i l e s  

INTRODUCTION 

The e f f e c t  of res idua l  moisture in t a b l e t s  on such physical  

p roper t ies  a s  breaking s t rength  (hardness) ,  d i s in t eg ra t ion  t i m e s ,  and 

the  d isso lu t ion  r a t e s  thereof has been s tudied extenls.ivelylr2. 

inves t iga tors3  

humidities increased breaking s t rength  and d is in tegra t ion  times, while 

Some 

found t h a t  exposure of some t a b l e t s  t o  l o w  
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2468 SHIROMANI AND B A V I T Z  

exposure t o  high humidities produced opposite effects.  

were at t r ibuted t o  the dissolution or the formation of sol id  bridges 

within the tab le t  structure. Interestingly,  other workers4 observed 

similar changes i n  dissolution ra tes  k u t  l i t t l e  ef fec t  on breaking 

strength in  the i r  studies of m i s t u r e  levels versus tab le t  

properties. 

changes in  breaking strength could not adequately predict  possible 

dissolution r a t e  changes. 

These changes 

The conclusions from mch of t h i s  e f f o r t  were tha t  

Enalapril maleate tab le t s  formulated of a predominantly 

lactose matrix were found t o  be sensi t ive t o  cer ta in  conditions of 

elevated humidity. 

above, i.e. changes i n  breaking strength not correlated with adverse 

effects on rates  of drug dissolution, were observed. 

Effects on the tab le t s  similar t o  those described 

These observations provided the impetus for  the e f for t s  

described herein. Principally, the objective was t o  define optimum 

conditions for  storing tab le t s  in  bulk a s  w e l l  a s  f i n a l  marke t  

packages. This w a s  t o  be achieved by determining the 'hygroscopic' 

properties of the conposition of matter, par t icular ly  since the 

l i t e ra ture5  indicates tha t  characterization of the equilibrium 

moisture content (EMC), a s  w e l l  a s  the ra te  a t  which it is achieved, 

is imperative i n  formulations of drugs tha t  shav the potential  for 

degradation i n  the presence of water. 

M P E R I m A L  

The tab le t s  were prepared by w e t  granulation and were 

composed principally of lactose. Corn starch is included a s  a 

disintegrant and binder and magnesium s teara te  a s  a lubricant. The 
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EFFECT OF MOISTURE ON GRANULATIONS AND TABLETS 2469 

granulat ions and t a b l e t s  made from t h e m  were s tored  itn open petr i  

dishes  a t  r e l a t i v e  humidities ( W )  ranging Erom 59: t o  93% a t  room 

temperature (RT) and 30°C, respectively.  A s e r i e s  of sa tura ted  sal t  

so lu t ions  were enployed t o  obta in  the  range of humidities . 6 

Granulation moisture uptake was measured by (3 loss on drying 

(P: LDD) method, using a Moisture Computer'. 

converted t o  moisture contents (dry basis). For the  t ab le t s ,  t he  

moisture uptake was measured a s  t h e  weight gained by the sam set of 

twenty tablets. 

storage.  

Hardness was measurctd on the  Schleuniger tester2, and d i s in t eg ra t ion  

times were deterndnctd i n  d i s t i l l e d  water a t  37OC, without t he  use of 

d iscs ,  i n  the USF' apparatus. Dissolution w a s  measured with USP 

apparatus 11. 

These LCD values were 

Weight gains  were recorded a f t e r  var ious i n t e r v a l s  of 

The hardness and d i s in t eg ra t ion  times were a l s o  measured. 

Tablets i n  two potencies,  1 0  mg and 40 mg, were evaluated. 

RESULTS AND DIsarssIo~ 

Moisture uptake r a t e s  were determitned by a l e a s t  squares 

l inear  regression ana lys i s  on t h e  i n i t i a l  por t ion  of the  moisture 

uptake versus ti= plots .  One such p l o t  for- t he  1 0  mg granulat ion a t  

RT is presented i n  Figure 1, a f t e r  converting LOD values t o  moisture 

contents.  A l l  co r r e l a t ion  coe f f i c i en t s  were s ign i f i can t .  To 

f a c i l i t a t e  compariscln between t h e  granulat ions and t h e  t a b l e t s ,  the  

moisture uptake by the tablet was converted to  a percent  basis.  

data  is presented i n  Table 1. 

indeed cor re la ted  the  population cor re la t ion  coe f f i c i en t ,  )o, was 

subjected t o  a test  of hypothesis, viz.  f = 0 or If ID using 

s tudents 's  I? distribution7 . 
hypothesis. 

This 

That t h e  var iab les  i n  leach case are 

The computation rejected the nu l l  
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2470 SHIROMANI AND B A V I T Z  
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FIGURE 1 

Moisture Uptake Versus Time for 10 mg Granulat ion a t  RT 

Key : 0 - 33% RH 

n - 53.5% I?H 

c] - 74.8% RH 

- 92.9% RH 0 
TABLE 1 

The Rate of Moisture  Uptake (%/Hour) for the 10 mg and 40 mg 

Granulat ions and Tablets of Enalapril Maleate 

Relative 
Humidity 

P; 
92.9 

Granulat ions Tablets 
10 mg 40 mg 10 mg 40 mg 

m -  3OoC m -  3OoC - RT 3OoC m -  3OoC 
0 3 2 9  0.049 0 3 7 1  0.094 0.03 0.028 0 3 4 6  0.051 

-- -- -- 80.1 0.026 0.023 0.045 0.0722 - 
74.8 0.017 0.005 0.049 -- 0.013 0.016 0.023 0.039 
64.8 0.017 - 0.034 0.038 0.0086 0.0062 0.018 0.014 
53.5 0.010 0.003 0.033 0.024 0.0034 0.0064 0.011 0.008 
43.9 -- -- -- -- -- 0.014 -- -- 
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EFFECT OF MOISTURE ON GRANULATIONS AND TABL,ETS 2473 

I 
0 10 20 30 40 50 60 70 80 90 100 

P ER C E N T R EL AT I V E HUM I DI TY 

FIGURE 2 

Moisture [Jptake Rate Versus Percent Relat ive Humidity 

fo r  10 n q  Granulation a t  RT 

The following conclusions were reached on these data:  (1) 

The r a t e s  of m i s t u r e  uptake were higher fo r  t he  granulat ions than fo r  

t h e  correspondincj t ab l e t s .  

surface area of the  granules compared t o  t h a t  fo r  an equivalent weight 

of the  t ab le t .  

than f o r  t h e  1 0  nig. formulation. This  is because the  higher potency 

formulation is not t3 d i r e c t  mult iple  of t he  lower potency and, 

therefore ,  the  propcxtions of the ingredients  a r e  d i f f e ren t .  There is 

This may be a t t r i bu ted  t o  the la rger  

( 2 )  The r a t e s  were grea te r  for t he  40 mg formulation 
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2 4 7 2  SHIROMANI AND B A V I T Z  

TABLE 2 

The C r i t i c a l  Relative Humidities for  the 10 mg and 40 mg 
Granulations and Tablets of Enalapril Maleate 

Granu l a  t ions Tablets 
10 mg 40 mg 10 mg 40 mg 

KT 3OoC RT 30OC 
R H %  33 56 24 37 36 36 33 36.5 

- - - -  Cri t ica l  RT 30OC - -  

also a four-fold increase i n  the concentration of the active drug 

component for approximately the same weight of the tablet .  

Figure 2, a p l o t  of RH and moisture uptake rate ,  for  the 10 mg 

granulation a t  RT, reveals a s t ra ight  l i n e  with a posit ive slope. 

Similar p lo ts  were obtained for the other systems. 

coefficients were significant i n  a l l  instances. This l i n e  extrapolated 

t o  intersect  with the horizontal ax is  estimates the RH of a saturated 

solution of the tablet  formulation, i.e. when the moisture uptake r a t e  

is zero. The par t icular  formulation, therefore, should be handled i n  

an environment k l o w  t h i s  c r i t i c a l  RH. 

presented i n  Table 2. 

humidities was almost zero. 

20 mg potencies were obtained by non-linear approximtion, using the 

corresponding values of the 10  mg and 40 mg potencies. 

presented in  Table 3. 

Correlation 

The c r i t i c a l  humidities a re  

The actual moisture uptake r a t e  a t  these 

The c r i t i c a l  humidities for  the 5 mg and 

These data are 

TABLE 3 

The Cr i t ica l  Relative Humidities for  the 5 mg and 20 mg 

Granulations and Tablets of Enalapril Maleate 

Granulations Tablets 
5 m g  20 mq 5 m g  20 mg 

C r i t i c a l  g’ - R ! r 3 0 9 C R T ~  
R H F  32.6 54.7 26 40 32.6 36.5 33.5 35.9 
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EFFECT OF MOISTURE ON GRANULATIONS AND TABLETS 2473 

TABLE 4 

Chemical Analysis of Table ts  and Granu:Lations of 

B m h p r i l  Maleate After Three Weeks,  at 335 RH 

10 mg Granulation Enalapr i l  DKP + Diacid + - 

K r  9.68 mq/199 mg* None 0.42% 
30°C 9.48 mg/199 mg* 0.53% 1.65% 

10 mg Table ts  
( I n i t i a l  

- 

m 
3OoC 

9.88 mg None 0.20%) 
10.05 mg None 0.20% 
9.98 mg None 0.37% 

Dissolutiorl 
m 108, 108, 105, 108, 105, 105% of Claim 

3OoC 98, 100, 94, 98, 94, 98% of Claim 

40 mg Granulation 
F!T 39.4 mg/230 mg* 0.228; 0.30% 

3OoC 41.4 mg/230 mg* 0.33% 0.458 
40 mg Tablets  
( I n i t i a l  39.5 mg 0.15% 0.32%) 

HT 40.0 mg 0.178 0.31% 
30°C 40.3 mg 0.38% 0.45% 

- 

104, 103, 102% of ( C l a i m  
3OoC 103, 102, 102% of 12laim 

*Weight equivalent t o  t h a t  of corresponding t ab le t .  

+As percent of intact  drug. 

The granuilations and t h e  t a b l e t s  s to red  a t  t h e  critical 

humidities f o r  about a month were chemically analyzed. 

Enalapril  maleate is reasonably s t ab le  a t  t he  conditions 

The drug degrades s l i g h t l y  t o  form a diketopiperazine under test. 

(LXP) by dehydraticn and the  d iac id  by hydrolysis.  'These degradates 

increase with temperature. Their concentrations do not appreciably 

change a t  RT aftser t h ree  weeks .  The d isso lu t ion  cha rac t e r i s t i c s  of 

t h e  t a b l e t s  remained unaffected a t  t h e  condi t ions test.ed. The data  

a r e  presented i n  Table 4. 
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2474 SHIROMANI AND B A V I T Z  

-0 -em------ +----- 

a h 

2 4 6 8 
DAYS 

F I G U R E  3 

Hardness Versus Time f o r  10 mg Tab le ts  a 

Key : 0 - 5% R H  

0 - 33% RH 

a - 53.5% RH 

- 64.8% RH 

- 74.8% RH 

A - 93% RH 

io 

R . T .  
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EFFECT OF MOISTURE ON GRANULATIONS AND TABLETS 2 4 7 5  

0 2 4 Ei a I0  

DAYS 

FIGURE 4 

Hardness Versus T ime f o r  40 mg T a b l e t s  a . t  R.T. 

Key : 0 - 5% RH 

- 33% RH 

- 53.5% RH 

- 64.8% RH 

m - 74.8% RH 

A - 93% RH 
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2476 SHIROMANI AND B A V I T Z  

Figures 3 and 4 depict hardness changes i n  the tab le t s  with 

The hardness of the tab le t s  decreased time and exposure t o  humidity. 

a t  a l l  humidities except when stored with si l icagel.  

of decrease w a s  more pronounced a t  the higher humidities. 

of the decrease was higher for  the 40 mg t ab le t s  in  accordance with 

the i r  higher m i s t u r e  uptake rates. 

moisture e x i s t s  i n  so l ids  i n  a t  l eas t  two states; a 'pendular' s t a t e  

The magnitude 

The extent 

8 It has been shown tha t  f ree  

where l iquid bridges occur between individual par t ic les  and a 

'capil lary'  s t a t e  where a l l  the pores of the sol id  a re  f i l l e d  with 

l iquid which forms concave mensci a t  the pore ends. The s ignif icant  

decrease i n  hardness could be explained, therefore, by the presence of 

'capil lary'  water, through which interpar t iculate  bonds a re  removed by 

dissolution, and the points of sol id  contact a re  separated from each 

other, thereby minimizing the rnagnitude of rrolecular forces of 

cohesion. 

tab le t s  t o  absorption of moisture by the disintegrant,  thus causing 

swelling and bond disruption. 

Khan and €&odes9 have at t r ibuted reduction in  strength of 

As an extension t o  this study,  t ab le t s  stored for  31 and 32 

hours a t  74 and 93BRHs, respectively, were transferred t o  a 5% RH 

condition for 17 hours. 

l o s t  on transfer t o  l o w  humidity. The hardness, however, increased 

from 0 Kp t o  22.5 Kp, possibly due t o  crystal l izat ion of the dissolved 

material in  the void spaces forming sol id  bridges. The disintegration 

t i m e  nevertheless was not affected. 

In  general, the disintegration tims were unaffected, except a t  92.9P 

F4l for  the 10 mg t ab le t s  and 74.8% IM for  the 40 mg tablets.  

conditions, the disintegration times increased suhstantially. A t  

A b o u t  half the m u n t  of misture gained w a s  

A t  these 

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 GKANULATIONS AND TABLETS 

16 

14 

.- 

.- 

i 
I 0 Granulation- 10mg 

0 Tablets-10mg 
A Granulation -40mp 
A Tablets-40mg 

20 30 40 50 60 70 80 90 1 0 0  

Percent Relative IHumidity 

Figure 5 
Equilibrium Moisture Content vs., 
Relative Humidity for 10mg 
and 40mg Formulatiions 
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2478 SHIROMANI AND BAVITZ 

these respective humidities, the EMCs of these two potencies were very 

similar. 

follows8: 

water because of the sudden and immediate 

The increase in disintegration time may be explained as 

Tablets containing a disintegrant break up readily in 

amlication of stress. 

However, when a tablet containing such a disintegrant is exposed to 

water vapor, stress is built up slowly, and the tablet structure 

aksorks some of the strain. Since the disintegrant within the tablet 

has lost some of its absorptive ability, disintegration times tend to 

increase. For the 40 mg tablet, the disintegration time decreased at 

92.9% RH. The hardness and disintegration behavior was similar at 

room temperature and 30°C. 

The EMCs were determined for both formulations. Equilibrium 

is established when the vapor pressure exerted by the moisture in the 

solid equals the partial pressure of the water vapor in the air. 

Figure 5 illustrates the EMC curves, i.e. the variation in the E K  of 

a mterial which changes in humidity, at RT. These curves have a two- 

fold utility: 

granulated material, (for instance, the EMC at 3OoC/33% RH for the 10 

mg and 40 mg granulations are 0.6958 and 1.419%, respectively; thus, 

it would be futile to dry the granulations to below these moisture 

levels), secondly, in the prudent selection of the types of package 

protection required for the product. 

firstly to design optirmm drying conditions for a wet 

The values of the EMCs obtained 

in this study were confirmed by measuring proton ntagnetic resonance 

relaxation time by pulsed NMR 

equilibrated at different humidity conditions. 

tablets at RT are presented in Table 5. 

differentiate between bound and free moisture quantitatively. 

3 of water contained in tablets 

The data for the 10 mg 

This technique m y  be used to 
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EFFECT OF M0ISTUP.E ON GRANULATIONS AND TABLETS 2479 

1. 

2. 

3. 

1. 

2. 

TABLE 5 

EKs (percent) fo r  10 mg Table ts  a t  €3' Confirmed by Pulsed NMR 

Relative Humidity P 
53 64.8 ___ 74.8 __ 93 - -. 

EMC by Plulsed NMR 0.86 1.13 1.6 3.88 
E K  by Weight Gain 0.72 1 .a18 1.9'3 4.62 

CONCLUSIONS 

1. The bulk granulat ions and t h e  tablets should be 

s tored  at: room temperature a t  or below t h e i r  

c r i t i c a l  RHs. 

The presence of desiccant  i n  t h e  m a r k e t  package is 

es sen t i a l .  

2. 

Foot Notes 

Moisture Computer Model 500M, Yoisture Systems Corporation, 

Hopkinton, !ilA 

Schleuniger Model 2E-106, D r .  K. Schleuniger and Co., (34-4501, 

Solothurn, Switzerland 

PC/20 Ser ies  Nuclear Magnetic Resonance Analyze]:, I .B.M. 

Instruments,  Inc., Danhry ,  Cr 

REFERENCES 

J. E. R e e s  and E:. Shotton, J. Pharm. Pharmacol, 22,, Suppl., 17s 

(1970). 

S. A. Sangekar, M. S a r l i ,  and P. R. Sheth, J. Pharm. Sci . ,  61 

(6 ) ,  939 (1972). 

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.



2480 SHIROMANI AND BAVITZ 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

S. T. Horhota, J. Burgio, L. Lonski, and C. T. Rhodes, J. Pharm. 

Sci . ,  65 (12), 1746 (1976). 

2. T. Chowhan and L. Palagyi ,  J. Pharm. Sci . ,  67 (lo), 1385 

(1978). 

L. Van Canpen, G. Zografi ,  and J. T. Carstensen, I n t l .  J. 

Pharmaceutics, 2 ,l (1980). 

The American Paper and Pulp Association, ReJ?Ort No. 40, February 

15, 1945. 

W. W. D a n i e l :  

Health Sciences", John Wiley & Sons,Inc., New York, 

1974, p.257 

T. Eaves and T. M. Jones,  J. Pharm. Pharmacol., 22, 594 

(1970). 

K. Khan and C. T. Rhodes, J. Pharm. Sci., 64, 447 (1975). 

"Biostatistics: A Foundation f o r  Analysis i n  t h e  

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.


