
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 14(10), 1375-1387 (1988) 

STUDIES BJ A DIBASTC CALCIUM PHOSPHATE - MANNITOL 
MATRIX TABLET FORMULATION - A COMPLEMENTARY COMBINPYION 

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

Y e r c k  Sharp & D&me Research Laboratories 
W e s t  Point,  P A  19486 

ABSTRACT 

A t ab l e t  formulation made up pr inc ipa l ly  of a d ibas ic  calcium 

phosphate-mannitol matr ix  showed sm11 but noticeable decreasez 

in  t a b l e t  breaking s t rength  (hardness ) on terrperature and humid- 

i t y  aging. 

causative agent (s ) w a s  i n i t i a t e d  wherein various formulations 

were s t ressed  a t  elevated temperature and humidity conditions i n  

open petri  dishes. 

An invest igat ion directed toward pinpointing the 

Calcium phosphate dihydrate w a 6  found mainly responsible 

for  the  adverse e f f ec t s  induced by the  storage conditions. By 

coupling it with a hydrophilic material l i k e  mnn i to l ,  however, 

physical s t a b i l i t y  is improved. Thus, the physical s t a b i l i t y  

induced by m n n i t o l  is complemented by the  ease of processabi l i ty  

conferred by calcium phcsphate. 
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13 76 SHIROMANI AND BAVITZ 

IXIRODUCI'ION 

D i b a s i c  calcium phosphate dihydrate is a comnon excipient i n  

t a b l e t  fo rmla t ions ,  though decidedly less papllar when compared 

to  e i the r  lactose or microcrystall ine cellulose.  

to  its marked hydrophobicity, leading t o  forrmlations exhibit ing 

poor bio-aksorption''* and/or a tendency to induce intense 

This may be due 

dens i f  i ca t ion  during w e t  granulation'. I n  dosage form develop- 

ment where a chemical inconpat ibi l i ty  between, fo r  example, 

an amine drug and aldehydic lactase or microcrystall ine 

c e l l u l a s e  is possible it frequently becomes an excipient  of 

choice and/or necessity. 

Changes i n  the  physical s t a b i l i t y  of tablets with calcium 

phosphate matrices are not infrequent and this observation has 

received considerable a t t e n t i ~ n ~ - ~ .  

that t ab le t s  containing d ibas ic  calcium phosphate when s tored  a t  

45OC, 75% re l a t ive  humidity (RH) lost weight explained t h a t  this 

w a s  due t o  the  loss of water of hydration from the  excipient.  

Tablet hardness was found t o  decrease l inea r ly  and a reasonable 

correlat ion between hardness and dis integrat ion time a t  accel- 

erated conditions wa6 noted. Since, however, r o o m  terrperature 

dissolut ion r e su l t s  d i f fe red  s ign i f i can t ly  from elevated 

temperature/humidity data, the  authors concluded t h a t  t he  use- 

fulness of such s tudies  i n  predict ing the  physical she l f  l i f e  

of t ab le t s  could be equivocal. The e f f e c t  of humidity on the  

physical s t a b i l i t y  of dibasic  calcium phosphate-based tablets w a s  

F?h& e t  a14 noting 
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D I B A S I C  CALCIUM PHOSPHATE 1377 

also reported by Chowhan’. 

humidity decreased i n  hardness and i n  their disintegration and 

dissolution rates. 

I n  these studies, tablets a t  high 

In t h s e  Laboratories, tablets of a poorly water soluble drug 

fornulated wi th  a 3:l dibasic ca lc ium phosphate dihydrate- 

mnnitol  matrix,  were oberved t o  decrease moderately i n  hardness 

when stored i n  glass and p las t ic  bottles clased w i t h  metal caps 

as w e l l  as i n  polyvinylchloride bl is ters  a t  exaggerated 

conditiors. 

formulatiom containing dibasic  calcium phosphate these changes 

were not surpris ing. Nevertheless, they provided t h e  inpetus  for 

the effor t  described herein. 

determine precisely the  material or materials resporsible for the  

oberved changes. 

stepvise elimination of materials one a t  a time w a s  enployed. 

Tablets were aged as described below. 

Given the history and background information on 

Principally the objective w a s  t o  

An unconplicated experimental design defining 

EXPERIMENTAL 

The principal formlation ( A ) ,  included: drug, (9% w/w), 

mannitol (18%), ca lc ium phosphate dihydrate (56%), intra-granular 

starch (9%), pre-gelatinized starch (1.8%), extra+p-anular starch 

(5%) ,  and magnesium stearate  (0.77%). Other formlat iom 

eliminated one ingredient a t  a time viz; (P)-no drug, thus 

mannitol a t  21% and calcium phosphate a t  62%; (B)-no mannitol 

hencecalcium phasphate a t  74%; and (C)-no calcium phosphate thus 
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1378 SHIROMANI AND BAVITZ 

mannitol a t  75%. An addi t iona l  formulation -(D) w a s  also 

s tudied  where two water i r so lub le  drug; were corrbined i n  the  

matrix i n  a 1.6:l ratio. 

Wet granulat ions were made i n  a high in t ens i ty  mixer. 

Compressed tablets were s to red  i n  open petri dishes  a t  4OoC, 6OoC 

and 8OoC, and a t  23OC/75%RH; 3OoC/75%RH; and 4OoC/75% RH. Tablet  

hardness (kp)  w a s  measured on a Schleuniger Tester  (Schleuniger 

M o d e l  2E-106, Solothurn, Switzerland).  Tablet  weight and 

thickness were also determined. 

RESULTS AND DISCUSSION 

Structured,  long-term, s t a b i l i t y  s tud ie s  on t h e  s i n g l e  and 

mlti-drug formulations showed t h a t  some small, but noticeable,  

decrease i n  t a b l e t  hardness occurred after 1 year a t  3OoC when 

the  tablets were s to red  i n  g l a s s  and plastic bottles as w e l l  as 

i n  p lyv iny lch lo r ide  blisters. A decrease i n  tablet hardness of 

grea te r  magnitude w a s  noted a t  4OoC and 4OoC/75% FCI. 

Coincidently, a small decrease i n  tablet m i s t u r e ,  rrreasured 

quan t i t a t ive ly ,  w a s  noted a t  4OOC; the  s ign i f icance  of which is 

discussed below. Disintegrat ion and d isso lu t ion  rates, however, 

remained unchanged with the  tablets remaining robust as ref lec ted  

by t h e i r  low friability. 

E f f e c t  of Temperature: 

as a percent  of its i n i t i a l  value is shown i n  Figure 1. 

l a t i o n  (B) ,  t h a t  showing t h e  g r e a t s t  change, contained drug and 

The change i n  hardness a t  5OoC 
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DIBASIC CALCIUM PHOSPHATE 1379 
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1380 SHIROMANI AND BAVITZ 

calcium phosphate dihydrate but no mannitol. The decrease noted 

was essen t i a l ly  l inear  and produced a relat ionship between hard- 

ness - kg ( y )  and time - days ( x )  of: 

y = 13.60 - 0.077~ 

cor re la t ion  coef f ic ien t  -0.979. 

M o s t  other formulatiom showed some i n i t i a l  hardness decrease 

followed by an equi l ibra t ion  about one k p  lower than the  i n i t i a l  

value observed. Formla t ion  (P)  w a s  somewhat d i f f e ren t  i n  t h a t  

there  was a n  i n i t i a l  increase followed by an eventual u n i t  

decrezse. This i n i t i a l  increase may be a t t r ibu ted  t o  the  

addi t ional  mannitol subs t i t u t ing  f o r  the  drug which prevents 

matr ix  disrupt ion,  as discussed below. 

Figure 2 shows t h a t  hardness decreases t o  be d i r e c t l y  

correlated with a time-dependent decrease i n  t a b l e t  ders i ty;  

t a b l e t  densi ty  being calculated by dividing t a b l e t  weight by its 

thickness. 

the  need fo r  an 'area' term i n  the  denominator. Para l le l ing  the  

data  on hardness is an essent ia l ly  l inear  decrease i n  t a b l e t  

density shown by formulation (B).  

a t  the d i f f e ren t  storage conditions is s h a m  i n  Figure 3.  

I n i t i a l l y ,  decreases appear dependent on the  in tens i ty  of 

temperature, hcmever, a t  8OoC and a t  aFproximately 20 days, the 

hardness increases and then levels off  though it continues t o  

decrease l i nea r ly  a t  lower tenperatures. 

Keeping a constant plnch shape and s i z e  eliminated 

Hardness on t h i s  formulation 
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DIBASIC CALCIUM PHOSPHATE 1383 

These o k e r v a t i o m  suggest t h a t  dehydration and a sukequen t  

d i s rupt ion  of the  tablet m a t r i x  is taking place thus leading t o  a 

decrease i n  tablet d e m i t y  and hence tablet s t rength .  A t  a lower 

temperature, (4OoC) ,  a l ag  time precedes t h i s  phenomenon. I t  is 

suggested t h a t  t he  equilibrium o k e r v e d  a t  8OoC is due t o  t h e  

complete expulsion of t he  hydrate moisture then the  formation 

of s o l i d  bridges due t o  a c r y s t a l l i z a t i o n  of so luble  components 

i n  the spaces l e f t  by the  expelled moisture. 

10% tablet weight loss noted mathematically approaches t h e  matrix 

dihydrate  concentration. It should be noted t h a t  where high 

humidity conditions are present an equ i l ib ra t ion  i n  hardness also 

occurs. A fur ther  e laborat ion on t h i s  po in t  can be found i n  

discussions below. 

A t  t h i s  po in t ,  the 

While the  drug is also a dihydrate  it is not  believed t o  be 

reporsible f o r  any of t he  okserved changes s i n c e  no physical  

changes i n  it were noted by in f ra red  an2 t h e  x-ray d i f f r a c t i o n  

techniques a f t e r  it had been expcsed t o  high tenperatures.  

I n  the  other  formulatiom containing d ibas i c  calcium phcs- 

phate te-rature induced adverse e f f e c t s  are less obvious. 

This ,  it is suggested, is due t o  the  presence of mannitol which 

became of its hydrophi l ic i ty ,  retains the  mobile water. 

E f f e c t  of Humidity: Data on changes i n  hardness a t  4OoC, 

75%EM are presented i n  Figure 4. 

drug show decreases i n  hardness of approximately 50%. Lesser de- 

creases are noted i n  the placebo. 

A l l  forrmlations containing 

I t  has been shown8 t h a t  free 
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DIBASIC CALCIUM PHOSPHATE 138s 

moisture e x i s t s  i n  Solids i n  a t  least two states; a 'pendular'  

s tate where l i q u i d  bridges occur between individual  particles and 

a 'capillary' state where a l l  t he  pores of the  s o l i d  are f i l l e d  

with l i qu id  forming concave menisci a t  the  pore ends. Accord- 

ingly,  t he  decreases i n  hardness noted may due t o  the  presence 

of ' c ap i l l a ry '  water whicb removes i n t e r p a r t i c u l a t e  bon& by dis -  

so lu t ion ,  separa t ing  the  poin ts  of s o l i d  contact  and minimizing 

the  magnitude of the  molecular forces of cohesion. This phenom- 

enon becomes of added s igni f icance  w i t h  calcium phosphate which 

is known t o  compact by br i t t l e  f r a c t u r e  and t o  generate  numrous 

in te r -par t icu la te  bonds wi th in  tablets. 

Though the mximm hardness decrease w a s  i den t i ca l  a t  a l l  

humidity condi t iors ,  viz.  23OC/75%RH, 3OoC/75%RH and 4OoC/75%EM, 

t h e  rate of decrease w a s  higher a t  t h e  lower tenperatures.  A t  

4OoC moisture uptake is opposed by moisture expl l s ion  till the  

former predominates. 

Disintegrat ion Time and Dissolution R a t e :  

time and the  d i s so lu t ion  rate of tablets from formlatiom A and 

D, remined  unaffected by tenperature  and/or humidity. Chwhan5 

noted t h a t  tablets compcsed of d ibas ic  calcium phmphate show an 

increase i n  t h e  d i s in t eg ra t ion  t i m e  and a decrease i n  t h e  

d i s so lu t ion  rate a t  low humidity because of the  limited 

d isso lu t ion  and r ec rys t a l l i za t ion  of calcium phmphate i n  the  

available water i n  the tablet. 

t i o n  rate a f t e r  aging under high humidity w a s  explained as being 

The d i s in t eg ra t ion  

The adverse change i n  dissolu- 
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1386 SHIROMANI AND B A V I T Z  

caused by the expansim/contraction and general opening of the 

structure of the starch grairs and their  bonding, via water 

mlecules, t o  calcium phosphate. In  the above exanples, the 

ahence of any adverse effect  on these two parameters is 

attributed t o  the presence of mnnitol: 

phosphate molecules preferentially bond t o  m i t o 1  rather than 

t o  starch thus praerving t h e  disintegrant efficiency of the 

la t ter :  and a t  low humidity recrystallization of calcium 

phosphate is inhibited due t o  matrix water preservation. 

A t  high humidity calcium 

OClNQlLlSIONS 

D i b a s i c  calcium phosphate dihydrate is sensit ive t o  elevated 

temperatures. Under certain tenperature stress molecular water 

can be expelled creating t h e  potential for the  disruption of the 

properties of any tablet  matrix i n  which it is a conponent. 

Typically, reductions i n  tablet  hardness wi th  time are oberved. 

These studies again verified these effects. By coupling it with a 

hydrophilic material l i k e  mnnitol ,  however, physical s t ab i l i t y  

is improved. This  excipent combination is corrplementary because 

formulations retain eff ic ient  and cost  effective process 

characteristics typical of calcium phosphate matrices. 
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