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ABSTRACT 

In o r d e r  to improve  t h e  fo rmula t ion  of atenolol the physico- 

chemical compat ib i l i t y  between t h e  drug a n d  va r ious  exc ip ien ts ,  

commonly used  in t a b l e t  manu fac tu r ing ,  was s tud ied  w i t h  t h e  a i d  

of D i f f e ren t i a l  Scanning Ca lor imet ry  (DSC) . 
U s i n g  t h i s  method, it was f o u n d  that  atenolol is  compat ib le 

w i t h  starch, Sta-Rx@, Primojel@, Av ice l  PH@, A c - D i - S o b ,  c ross -  

l i n k e d  PVP, magnesium stearate, calc ium su lphate  d i h y d r a t e ,  

d icalc ium phosphate  a n d  i c ing  sugar .  In te rac t ions  o f  atenolol w i t h  

PVP, lactose and t h e  l u b r i c a n t  s tear ic  ac id  were  found,  a l t hough  

it cannot b e  con lus ive ly  s ta ted  t h a t  i n te rac t i on  incompat ib i l i t ies w i l l  

o c c u r  during s torage a t  room tempera ture .  

1945 
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1946 

I N TROD UCT I ON 

BOTHA AND LOTTER 

This s tudy  was undertaken t o  establ ish t h e  compatibi l i ty of 

atenolol, a beta-adrenolyt ic cardioselective drug, w i t h  a number of 

commonly used tablet excipients. 

The s tab i l i ty  of a formulation depends, amongst o ther  factors, 

on the compatibi l i ty o f  t h e  active components wi th  the  excipients. 

It is of importance to detect  any possible interactions, since it has 

shown that certain interactions can e i ther  change the  

bioavailability o r  s tab i l i ty  of a product .  The excipients can affect 

the  solid state s tab i l i ty  o f  a d r u g  i n  various ways; t h i s  may occur 

d i rect ly  as a chemical reaction between t h e  drug and t h e  excipients, 

o r  mostly ind i rect ly  by sorption of moisture and/or catalysis. 

1 2 

Unless incompatibi l i ty is  evident, it i s  necessary t o  c a r r y  ou t  

a s tab i l i t y  s tudy that  usual ly requires months o r  years.  Thus, it 

is  important t o  chose methods fo r  the  evaluation of  t h e  sol id state 

stabi l i ty  that  g i v e  fast  en rel iable information about possible 

interactions. A number o f  techniques can b e  used t o  indicate 

interactions in  drug-exc ip ient  systems, namely d i f fuse  reflectance 
3 techniques , TLC and IR spectrometric techniques4 and thermal 

analysis. Thermal analysis, both DTA5-6 and DSC7-’ a re  now well 

developed techniques used i n  t h e  detection o f  incompatibi l i t ies in 
10 drug-drug and drug-exc ip ient  interactions. Gu i l lo ry  et a l  

concluded tha t  DTA a t  the preformulation stage o f fe rs  a possible 

help in  the  solution of the  problem of  d r u g - d r u g  and drug-add i t i ve  

interactions. DSC yields da ta  which are  inherent ly  more 

quant i tat ive and more amenable t o  theoretical in terpretat ion than 

t h e  technique of DTA” and allows the  fast  evaluation of  possible 

imcompatibilities between t h e  formulation compounds der ived  f rom 

appearance, s h i f t  o r  disappearance of peaks and/or var iat ions i n  

t h e  corresponding AH. Thermal analysis does no t  replace the  

chemical methods f o r  determination of t h e  concentrat ion o f  a drug 

in a dosage form and does not replace s t a b i l i t y  tests, but it does 
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ATENOLOL AND TABLET E X C I P L E N T S  1947 

represent a valuable tool i n  the  f i r s t  step of  a formulation12. Van 
Dooren13 recommended t h e  use of  DSC i n  combination w i t h  shor t  

t ime stress i n  o r d e r  to  evaluate DSC curves easier 

EXPE R I MENTAL 

Materials 

T h e  fol lowing materials were used: atenolol (suppl ied by 

Twins-Propan, Isando, S . A . ) ;  starch; d i rec t l y  compressible 

s tarch (Sta-Rx 150W); sodium carboxyrnethyl s tarch (PrimojelB); 

microcrystal l ine cellulose (avicel  PH 101@); a cross- l inked form of 

sodium ca rboxymethylcel l  u lose (Ac-  Di -Sol@) ; ic ing  s u g a r ;  lactose; 

magnesium stearate; stear ic acid; calcium sulphate dihydrate;  

po l iv in  y Ipy rrol idone cross- l  i n ked; 

dicalcium phosphate. 

( PVP) ; pol iv i  n ylpy r r o l  idone 

D i f f e ren t i a l  Scanning Calor imetry 

Samples (3 - 8 mg) were measured and hermetical ly sealed i n  

f latbottomed aluminum pans. These samples were heated i n  an 

atmosphere of  n i t rogen and thermograms were obtained wi th  a Du 

Pont 910 DSC system equipped w i th  a Du Pont Series 99 Thermal 

Analyzer programmer. A Hewlett-Packard X -Y  recorder  was used. 

T h e  inst rument  was cal ibrated w i th  an indium standard.  

Thermograms were obtained by heating a t  a constant ra te of  

5OC p e r  minute and recorded a t  a constant c h a r t  speed of  10 mm 

p e r  minute.  T h e  ind iv idual  substances, as well as 1 : l  physical  

mix tures of atenolol and excipients prepared by mortar  and pestle, 

were heated over the  temperature range o f  30 - 25OoC, under  

n i t rogen p u r g e .  

RESULTS AND DISCUSSION 

T r a c e  1 of f i g u r e  1 is t h a t  o f  atenolol, showing an endothermic 

melt ing peak w i th  an onset of 15OOC and a maximum occur ing a t  
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1948 BOTHA AND LOTTER 
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DSC thermograms of a t e n o l o l  (1) and 1:l p h y s i c a l  mix tures of 
a t e n o l o l  w i t h  Sta-Rx ( 2 ) ,  Starch (3) and P r i m o j e l  ( 4 ) .  

152OC. Traces 2 - 4 o f  fig. 1 a re  t h e  thermograms o f  1:l  physical  

mix tures of atenolol w i t h  Sta-Rx, s tarch and Primojel respectively. 

These excipients exh ib i t  no t rans i t ion when scanned ind iv idual ly  

o v e r  the  temperature range o f  30 - 250°C. Therefore,  DSC 

thermograms of  mix tures of  these excipients w i th  atenolol w i l l  ref lect  

t h e  characterist ic f ea tu re  of  atenolol if no interact ion occured. 

T h i s  is indeed the  case as can b e  seen in  fig. 1. Some changes 
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ATENOLOL AND TABLET EXCIPIENTS 1949 
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FIGURE 2 
DSC thermograms of a t e n o l o l  ( l ) ,  magnesium s t e a r a t e  ( 2 )  and 1:l 
p h y s i c a l  m i x t u r e  of atenolo1:magnesium s t e a r a t e  ( 3 ) .  

in peak  shape and h e i g h t - t o - w i d t h  r a t i o  were  expec ted  because of 

possible d i f fe rences  in t h e  m i x t u r e  sample geometry . Simi lar ly,  

no in te rac t ions  a r e  obse rved  w i t h  phys i ca l  m ix tu res  of atenolol a n d  

Av ice l  PH 101, Ac-D i -So l  and c ross - l i nked  PVP. 

14 

T h e  thermogram o f  atenolol-magnesium stearate m i x t u r e  (T race  

3 o f  fig. 2 ) ,  combines t h e  fea tures  cha rac te r i s t i c  of t h e  

thermograms o f  each component. Also, combinations of atenolol w i t h  

calc ium sulphate d i h y d r a t e ,  d icalc ium phosphate o r  i c i n g  s u g a r  show 
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1950 BOTHA AND LOTTER 
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FIGURE 3 
DSC thermograms of atenolol ( l ) ,  PVP (2) and 1:l physical mixture 
of ateno1ol:PVP (3). 

no interactions; a s l igh t  s h i f t  to a h igher  atenolol melt ing tempe- 

r a t u r e  (158 - 16OOC) i s  observed in t h e  case of atenolol- icing sugar 

mix ture,  

Trace 2 of fig. 3 i s  t h e  thermogram of PVP, which shows a 

broad endotherm (53 - 96OC) due to  adsorbed water. Trace 3 of 

fig. 3 is  the thermogram of atenolol-PVP physical m i x t u r e  - apar t  

f r o m  t h e  adsorbed water  endotherm, a second broad endotherm w i t h  

a n  onset of 118OC can be seen, whi le the endotherm character ist ic 
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ATENOLOL AND TABLET EXCIPIENTS 1951 
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FIGURE 4 
DSC therrnograms of ateno lo l  (1). s tea r i c  acid (2 )  and 1:l physical 
mixture of atenolo1:stearic ac id  ( 3 ) .  

of atenolol has been obliterated. This  indicates an interaction of 

PVP with atenolol. 

In the trace of an atenolol - stearic acid mixture ( t race 3; fig. 

4) the characteristic endotherm of stearic acid (49 - 54OC) can be 

seen, as well as two smaller endothermic peaks (60 - 72OC; 88 - 
93OC) and a larger endotherm a t  123 - 127OC, while the melting 

endotherm of atenolol (150 - 152OC) is absent. 
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1952 BOTHA AND LOTTER 

H 
1 I 1 1 I I I 1 

Zb 4b 60 80 Id0 P O  140 160 180 200 220 240 2 - 
4 

L 

i0 

20 40 60 80 100 120 I40 160 IS0 200 220 240 260 

FIGURE 5 
DSC thermograms of a t e n o l o l  (1). lac tose  (2) and 1:l phys ica l  mix ture 
of atenolo1:lactose (3).  

The combination o f  atenolol - lactose ( t race 3; fig. 5) shows 

th ree  peaks wi th  t rans i t ion onset temperatures of 102, 141 and 

157OC, while t h e  t race  of lactose ( t race 2) shows t rans i t ion 

endotherms a t  137 and 207OC. Thus, the f i r s t  character ist ic 

endotherm of lactose, as well  as t h a t  o f  atenolol, a l though smaller 

than expected, can b e  recognised, wi th  the feature o f  a n  addisional 

peak a t  102OC a n d  t h e  loss of a lactose endotherm a t  207OC. This  
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ATENOLOL AND TABLET EXCIPIENTS 1953 

resul t  was anticipated, since t h e  browning of lactose in the  

presence of amines is well-documented 

Hardy"  and Smith" w a r n  against accepting t h a t  interact ions 

thus  discovered a r e  detr imental  but state t h a t  DSC can be  an 

invaluable tool i n  avoiding excipients w i t h  interacton potent ia l .  

14 

CONCLUSIONS 

The incompat ib i l i ty  between atenolol and lactose o r  stear ic acid 

was d e r i v e d  by DSC. Thus, t h i s  technique could usefu l ly  be 

employed t o  optimise t h e  atenolol formulations, leading to be t te r  

storage s tab i l i ty .  
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