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ABSTRACT 

Di f fe ren t ia l  scanning ca lor imetry  (DSC) was used t o  i nves t i -  

gate t h e  o x p r e  no  lo1 
hydroch lo r ide  and a number of commonly used t a b l e t  and capsule 

exc ip ients .  

p h y s i co- c h emi ca I corn pat i b i I i ty between 

Oxprenolo l  hydroch lo r ide  was found  to be compatible w i t h  

starch, Sta-Rx 1500@, Primojels, Av ice l  PH lOl@, Ac-Di-SolB and  

c ross- l inked PVP. In teract ions of oxprenolo l  hydroch lo r ide  w i t h  

PVP, lactose and t h e  lubr ican ts  magnesium stearate and s tear ic  ac id  

were found,  a l though it cannot be  conclus ive ly  s ta ted t h a t  i n t e r -  

act ion incompatibi l i t ies w i l l  occur  d u r i n g  s torage a t  room temper-  

a tu re .  

1843 
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1844 BOTHA AND LOTTER 

INTRODUCTION 

Th is  s tudy  was under taken t o  establ ish the compat ib i l i ty  o f  

oxprenolo l  hydrochloride, a beta-adrenoly t ic  cardioselective drug, 

w i t h  a number o f  commonly used tab let  exc ip ients .  

The  s tab i l i t y  o f  a formulat ion depends, amongst o the r  factors, 

on t h e  compatibi l i ty of t he  ac t ive  components w i t h  t h e  exc ip ients .  

It i s  o f  importance t o  detect  any  possible interactions, since it has 

been shown t h a t  cer ta in  in teract ions can e i ther  change t h e  

b ioavai lab i l i ty  o r  s tab i l i t y  o f  a p roduc t .  T h e  exc ip ients  can af fect  

t h e  sol id state s tab i l i t y  o f  a drug i n  var ious ways; this may occur  

d i rec t l y  as a chemical reaction between t h e  d r u g  and t h e  excipients, 

o r  mostly ind i rec t l y  by sorp t ion  o f  mois ture and/or  cata lys is .  

1 2 

Unless incompatibi l i ty i s  ev ident ,  it i s  necessary t o  c a r r y  o u t  

a s tab i l i t y  s tudy  tha t  usua l ly  requ i res  months o r  years .  Thus,  it 

i s  impor tant  t o  choose methods f o r  t h e  evaluation o f  t h e  sol id s ta te 

s tab i l i t y  that g i ve  f a s t  and  re l iab le in format ion about  possible 

in teract ions.  A number o f  techniques can b e  used t o  ind icate 

in teract ions i n  d rug -exc ip ien t  systems, namely d i f f use  ref lectance 

techniques , thin - layer  chromatography and  in f ra red  spect rometr ic  

techniques4 and thermal  analys is .  Thermal analysis, bo th  D T A  

a n d  DSC 7-9 are  now well developed techniques used in t h e  de- 

tec t  ion o f  i ncompat i bi I i t ies i n d r u g  - d r u g  and  d rug -ex c i  pi en t i n t e r -  

act ions. Gu i l lo ry  e t  a1.l' have concluded t h a t  D T A  used a t  t h e  

preformulat ion stage o f fe rs  a possible he lp  in t h e  so lut ion o f  t h e  

problem of d r u g - d r u g  and d r u g - a d d i t i v e  in teract ions.  DSC y ie lds 

data wh ich  are inherent ly  more quant i ta t i ve  and more amenable t o  

theoret ica l  in te rpre ta t ion  than  t h e  technique of DTA" and  allows 

t h e  fas t  evaluation o f  possible incompatibi l i t ies between t h e  fo rmu-  

lat ion compounds. T h e  incompatibi l i t ies may b e  deduced f rom t h e  

appearance, sh i f t  o r  disappearance o f  peaks and/or  var ia t ions  in 

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

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

in a dosage form and s tab i l i t y  tests, but it does represent  a va lu -  

3 
5-6 
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COMPATIBILITY STUDY 1845 

12 able tool i n  the  f i r s t  step of a formulation . Van Dooren13 has 

recommended the  use o f  DSC i n  combination w i th  sho r t  t ime st ress 

i n  o r d e r  t o  evaluate DSC curves  more easily. 

I n  th i s  s tudy,  t he  compatibi l i ty o f  oxprenolol hydroch lo r ide  

w i th  a number of excipients commonly used in  t a b l e t  manufacture 

was invest igated.  This  was achieved by comparing the  DSC cu rves  

of  oxprenolo l  hydroch lo r ide  and each of  the  invest igated exc ip ients  

w i th  curves  f o r  1 : 1 mix tu res  of oxprenolol hydroch lo r ide  and 

exc ip ients .  A l though it cannot be  conclusively s ta ted that an 

in teract ion wil l  occur  d u r i n g  storage a t  room temperature, t he re  

are  normally suf f ic ient  excipients available to  choose on ly  those  

un l i ke l y  t o  cause problems . 14 

EXPE R I MEN T A  L 

Materials 

The  fol lowing materials were used: oxprenolol hyd roch lo r i de  

(supp l ied  by Twins-Propan, Johannesburg, S . A .  1; co rn  starch; 

d i rec t l y  compressible s ta rch  (Sta-Rx 1500s); sodium carboxymethy l  

s ta rch  (Primojel@); microcrysta l l ine cellulose (Av ice l  PH 101@); a 

cross-  tin ked fo rm of sodi urn ca rboxymethylcel lulose (Ac -  D i  - Sol@) ; 

lactose; magnesium stearate; s tear ic  acid; po l i v i ny lpy r ro l i done  

(PVP); cross- l inked po l i v iny lpyr ro l idone.  

D i f fe ren t ia l  Scann i n g  Ca lo r  imet ry  

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

f l a t  bottomed aluminum pans. Samples of t he  ind iv idua l  substances, 

as well  as1 : 1 phys ica l  m ix tu res  of oxprenolol hyd roch lo r i de  and 

exc ip ients  p repared by g r i n d i n g  in a mor tar  and pestle, were 

heated ove r  t h e  temperature range of 30 - 2OOOC i n  an atmosphere 

of n i t rogen  a t  5OC min-' i n  a Du Pont 910 DSC system equ ipped 
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1846 BOTHA AND LOTTER 
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FIGURE 1 

DSC thermograms o f  oxprenolol HC1 ( 1 )  and 1 : 1 phys ica l  
mixtures o f  oxprenolol HC1 w i t h  Ac-Di-Sol ( 2 1 ,  s ta rch  (3) 
and Av ice l  PH 101 (4). 

with a Du Pont Series 99 Thermal Ana lyzer  programmer. A 

Hewlett-Packard X-Y recorder was used. T h e  instrument was cal- 
ibrated with an indium standard.  

RESULTS AND DISCUSSION 

T r a c e  1 of f i g u r e  1 is tha t  of oxprenolol hydrochlor ide,  

showing an endothermic melting peak with an onset o f  104OC and a 
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FIGURE 2 

DSC thermograms o f  oxprenolol H C 1  (l), PVP ( 2 )  a n d  1 : 1 
physical mixture o f  oxprenolol HC1 : PVP ( 3 ) .  

maximum occu r r i ng  a t  108OC. Traces 2 - 4 of f ig. 1 a re  t h e  curves  

of 1 :1  physica l  m ix tu res  of oxprenolol hydroch lo r ide  w i t h  Ac-Di-Sol, 

corn  s ta rch  and Avice l  PH 101 respect ive ly .  These exc ip ients  e x -  

h ib i ted  a shallow broad endotherm tha t  was completed a t  145OC when 

scanned ind iv idua l l y  ove r  the  temperature range of 30 - 200°C. 

Th is  migh t  correspond t o  t h e  volat i l izat ion of adsorbed water, since 

it was repor ted t h a t  t h e  thermal analysis of ~ e l l u l o s e ' ~  and  wheat 

starch16 showed endotherms above 100°C that were a t t r i bu ted  t o  

water vapor .  It i s  probable tha t  a similar dehydra t ion  reaction 
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1848 BOTHA AND LOTTER 
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FIGURE 3 

DSC thermograms o f  oxpreno 
a n d  1 : 1 physical mixture 
s teara te  ( 3 ) .  

01 H C 1  (l), magnes urn s t e a r a t e  ( 2 )  
o f  oxprenolol H C 1  magnesium 

occur red  i n  Ac-Di-Sol. Therefore,  DSC cu rves  o f  mix tu res  of these 

excipients w i th  oxprenolo l  hydroch lo r ide  wi l l  re f lec t  t h e  character-  

i s t i c  fea ture  of  oxprenolo l  hydroch lo r ide  if no in te rac t ion  occur red .  

This i s  indeed t h e  case as can be  seen i n  fig. 1. As expected, 

some changes i n  peak shape and he igh t - to -w id th  ra t io  can b e  seen 

because of possible d i f ferences in t h e  m i x t u r e  sample geometry . 
Similarly, no in teract ions are  observed wi th phys ica l  m ix tu res  o f  

oxprenolo l  hydroch lo r ide  and Sta-Rx 1500, Primojel and  c ross- l inked 

PVP. 

17 
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FIGURE 4 

DSC thermograms of oxprenolol HC1 (11,  stearic acid (2) and 
1 : 1 physical mixture o f  oxprenolol HC1 : stearic acid (3). 

Trace 2 of fig. 2 is t h a t  of PVP, wh ich  shows a b road 

endotherm over  t h e  temperature range 53 - 140OC d u e  t o  adsorbed 

water (12% of water, as determined by t h e  Kar l  F ischer  t i t r a t i on  

method). Trace 3 o f  fig. 2 is t h e  c u r v e  o f  oxprenolo l  

hydrochlor ide-PVP phys ica l  m ix tu re  - apar t  f r o m  t h e  adsorbed wa- 

t e r  endotherm, a second broad endotherm, fol lowed by degradat ion 

and/or  vaporization can be seen, while t h e  endotherm charac ter is t i c  

of oxprenolo l  hydroch lo r ide  has been obl i terated.  Th is  indicates 

an in te rac t ion  of PVP w i th  oxprenolol hydroch lo r ide .  
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1850 BOTHA AND L O T T E R  
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FIGURE 5 

DSC thermograms o f  oxprenolol HC1 ( l ) ,  lactose ( 2 )  and 1 : 1 
physical mixture o f  oxprenolol H C 1  : lactose ( 3 ) .  

Two over lapping endothermic peaks a re  found  i n  the  case of 

an oxprenolo l  hydrochloride-magnesium stearate m ix tu re  ( t race 3' 
o f  f ig. 3), w i t h  onsets o f  t rans i t ions a t  85 and 96OC. The  t race 

o f  magnesium stearate ( t race 2; fig. 3) shows a b road melt ing 

endotherm a t  110 - 118OC, which is absent in the  trace of the  

combined produc ts .  Ex t ra  thermal e f fects  i n  a thermogram before 

t h e  peak o f  t h e  lower melt ing component migh t  be  ind icat ive of  an 
13 incompat ib i l i ty  . 

In t h e  t race  of an oxprenolol hydroch lo r ide  - stearic acid 

m i x t u r e  ( t race 3; fi9.4) t h e  character is t ic  endotherrn of stearic acid 
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COMPATIBILITY STUDY 1851 

(49 - 55OC) can be  seen, as well as an endothermic peak a t  a 

temperature of 88 - 99OC, probab ly  t h e  mel t ing endotherm of 

oxprenolo l  hydroch lo r ide .  When two substances are  mixed, t h e  

puri ty o f  each may be reduced and genera l ly  slightly lower mel t ing 

po in ts  resu l t .  If t h e  sol id-sol id in teract ion i s  weak o r  non-existent, 

t h e  reduc t ion  of t h e  mel t ing po in t  i s  usua l l y  inconsequential.  On 

t h e  o the r  hand, any large s h i f t  i n  mel t ing po in t  signif ies tha t  a 

s t rong  so l id-so l id  in teract ion has  occurred,  a l though it does no t  

necessa ri I y i nd icate an i ncompat i bi I i ty . 
T h e  combination of oxprenolol hydroch lo r ide  - lactose ( t race  

3; fig. 5 )  shows two endotherms w i t h  onset temperatures of 101 
and 17OoC, as well  as  a b road over lapp ing  endotherm w i t h  a maxi- 

mum a t  113OC. T h e  t race  of lactose ( t race  2; fig. 5 )  shows a 

t rans i t i on  endotherm a t  137OC. Thus,  t he  endotherm of oxprenolol 

hyd roch lo r i de  can be recognized, w i t h  t h e  fea tu re  o f  a n  addit ional 

peak a t  170 - 181OC and t h e  loss o f  t h e  character is t ic  lactose 

endotherm. T h e  reaction between lactose and  p r i m a r y  amines is  

well - documented 18-19 and  a l though oxprenolo l  hydroch lo r ide  i s  a 

secondary amine, t h i s  resu l t  m igh t  be  ind ica t ive  of an in teract ion.  

H a r d y  2o and  Smith" have warned against  accept ing t h a t  

in teract ions thus  discovered are det r imenta l  b u t  s ta te t h a t  DSC can 

be a n  invaluable tool i n  avoid ing excipients w i th  in teract ion poten-  

t i a l .  

CONCLUSIONS 

The  incompat ib i l i ty  between oxprenolo l  hydroch lo r ide  and PVP, 

magnesium stearate, stearic acid and lactose was demonstrated by 
DSC. Starch, Sta-Rx 1500, Primojel, Av ice l  PH 101, Ad-Di -So l  a n d  

c ross- l inked PVP exh ib i ted  no in teract ions w i th  oxprenolo l  

hydroch lo r ide .  Thus,  t h i s  technique cou ld  use fu l l y  be  employed 

t o  optimize oxprenolol hydroch lo r ide  formulations, leading t o  b e t t e r  

storage s tab i l i t y .  
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