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ABSTRACT 

Dif ferent ia l  scanning calor imetry (DSC) was used t o  invest i -  

gate the' physico-chemical compat ib i l i ty  between oxprenolol  

hydrochlor ide,  temazepam and a number of  commonly used tab let  

and capsule excipients. 

Oxprenolol hydrochlor ide was found t o  be compatible w i t h  

starch, Sta-Rx 1W, Avicel PH 101@, Elcema G 2 W ,  Ac-Di-Sol@ 

SterotexQ and cross- l inked PVP whi le  temazepam was found t o  be 

compatible w i th  starch, Sta- Rx  15OCMB, Primojela, Elcema G 2 W ,  
ExplotaW, Sterotexe and lactose. Interactions of  oxprenolol  

hydrochlor ide w i th  PrimojelQ, ExplotaW, PVP, lactose, 

Emcompress@ and t h e  lubr icants  magnesium stearate, stear ic acid 

and Precirol Ato % were found. Temazepam was found to in te rac t  

wi th  cross- l inked PVP, PVP, Precirol  A t o  543, stearic acid, 

magnesium stearate, Emcompress@ and possibly Avicel PH lOl@ and 

Ac- Di -Sol@. 
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I NTROOUCT ION 

BOTHA AND LOTTER 

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

oxprenolol hydrochlor ide,  a beta-adrenolyt ic cardioselective drug 

and temazepam, a pharmacologically act ive metabolite of diazepam 

indicated f o r  the  management of anx iety  disorders, w i t h  a number 

of  commonly used tab let  excipients.  Tablet formulations typ ica l l y  

con t a  i n d i I uen t s  , b i n d e  r s  , d i s i n teg  r a t  ion agents and I u b ri ca n t s  , 
therefore compatibi l i ty screening must be considered w i t h  selected 

excipients f rom each group.  

The stabi l i ty  o f  a formulation depends, amongst o ther  factors, 

on t h e  compatibi l i ty of t h e  act ive components w i t h  t h e  excipients.  

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

been shown tha t  cer ta in  interactions can e i ther  change t h e  

bioavai labi l i ty o r  s tab i l i t y  o f  a product .  T h e  excipients can af fect  

t h e  solid state s t a b i l i t y  o f  a drug i n  var ious ways; t h i s  may occur 

d i rec t l y  as a chemical reaction between t h e  drug and the excipients, 

or mostly ind i rect ly  by sorpt ion of moisture and/or catalysis. 

1 2 

Uniess incompat ib i l i ty  is  evident, it is necessary t o  c a r r y  out 

a s tab i l i t y  s tudy  t h a t  usual ly requires months or years. Thus, it 

is  important to choose methods for the  evaluation of t h e  solid state 

s tab i l i ty  that g ive  f a s t  and rel iable information about possible 

interactions. A l though a number of methods are avai lable for 

rout ine drug-exc ip ient  interact ion d i f ferent ia l  scanning 

calorimetry (DSC) has become t h e  screening method o f  choice, since 

DSC allows the  fast  evaluation of possible incompatibi l i t ies between 

the formulation compounds d e r i v e d  f rom appearance, s h i f t  or d is -  

appearance of  peaks and/or variat ions in t h e  corresponding AH. 

Thermal analysis does not replace t h e  chemical methods for 

determination of  t h e  concentrat ion of a drug in a dosage form and 
stability tests, b u t  it does represent a valuable tool in t h e  f i r s t  

step of a formulation . Van Dooren has recommended t h e  use o f  

DSC in combination w i t h  shor t  t ime stress i n  o r d e r  t o  evaluate DSC 

curves more easily. 

8 5 
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COMPATIBILITY STUDY 333 

In t h i s  study, t h e  compatibi l i ty o f  oxprenolol hydrochlor ide 

and temazepam w i t h  a number of excipients commonly used in tablet 

manufacture was investigated. Th is  was achieved by comparing t h e  

DSC curves o f  t h e  act ive ingredients and each of  t h e  investigated 

excipients w i th  curves f o r  1 : 1 mixtures o f  t h e  actives and 

excipients. A l though it cannot be conclusively stated t h a t  an 

interact ion wi l l  occur  d u r i n g  storage a t  room temperature, there  

are  normally suf f ic ient  excipients available t o  choose only  those 
9 un l i ke ly  t o  cause problems . 

EXPERIMENTAL 

Mate r ia Is 

T h e  fol lowing materials were used: oxprenolol hydrochloride, 

temazepam (suppl ied by Twins-Propan, Johannesburg, S.A.); corn  

starch; d i r e c t l y  compressible s tarch (Sta-Rx 1-1; sodium 

carboxymethyl  s tarch (Primojele, Explotat@) ; microcrystal l ine 

cellulose (Avicel  PH 101@); microf ine cellulose (Elcema G25(#p); a 

cross-I in ked fo rm o f  sodium carboxymethylcel lulose (Ac-Di-Sole); 

lactose; magnesium stearate; stearic acid; po l iv iny lpyrro l idone 

(PVP) ; cross- l in ked pol iv inylpyrrol idone; hydrogenated cotton seed 

o i l  (Sterotexa); g l y c e r y l  palmitostearate (Precirol  A t o  W); dicalcium 

phosphate d i h y d r a t e  (Emcompress@). 

Di f ferent ia l  Scanning Calor imetry 

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

f l a t  bottomed aluminum pans. Samples of  t h e  ind iv idual  substances, 

as well as 1 : 1 physical mix tures of oxprenolol  hydro- 
chloride/temazepam and excipients prepared by grinding in a mortar 

and pestle, were heated in an atmosphere o f  n i t rogen at  5OC 

min-'  in a Du Pont 910 DSC system equipped w i t h  a Du Pont Series 
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3 34 BOTHA AND LOTTER 

99 Thermal Analyzer programmer. A Hewlett-Packard X - Y  recorder 

was used. T h e  instrument was cal ibrated w i th  an indium standard. 

A temperature range of 30 - 20O0C was used in t h e  case of 

oxprenolol hydrochlor ide mixtures, while a range of 30 - 25OOC was 

used in the case of temazepam mixtures.  

RESULTS AND DISCUSSION 

Trace 1 of fig. 1 i s  that of  oxprenolol hydrochlor ide,  showing 

a n  endothermic melt ing peak w i t h  an onset o f  1 0 4 O C  and a maximum 

occur r ing  a t  108°C. The DSC thermqgram of temazepam (trace 2 
of fig. 1 )  shows a sharp melt ing endotherm wi th  an onset of 

158OC and a maximum occur ing a t  159OC, followed by a degradation 

exotherm a t  a temperature of 2 22OOC. 

T h e  excipients corn starch, Sta-Rx 1500, Primojel, Explotab, 

Avicel  PH 101, Elcema G250, and Ac-Di-Sol al l  exh ib i t  a shallow 

broad endotherm tha t  i s  completed a t  145OC. This  might 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 cellulose'' and wheat starch'' showed 

endotherms above 1W0C t h a t  were a t t r i b u t e d  t o  water vapor.  It 

is  probable t h a t  similar dehydrat ion reactions occurred in Primojel, 
Explotab and Ac-Di-Sol. T h e  combination of  oxprenolol 

hydrochlor ide / temazepam wi th  each of these excipients exhib i ts  
t h e  character ist ic features of the actives, indicat ing compatibility, 

a l though t h e  degradation exotherm is  more pronounced in t h e  

temazepam : Avicel PH 101 and temazepam : Ac-Di-Sol mix tures and 

absent in temazepam : Primojel and tematepam : Explotab physical  

mixtures.  A s l ight  downward s h i f t  of t h e  oxprenolol hydrochlor ide 

melt ing endotherm in mixtures w i t h  Primojel and Explotab, namely 

to  96 - 1 0 4 O C  and 93 - 103OC respectively, is found. When two 

substances are  mixed, the  purity of  each may be reduced and 

general ly s l igh t ly  lower melt ing points resul t .  If t h e  sol id-sol id 

interact ion is extremely weak or non-existent, t h e  reduct ion of 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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



COMPATIBILITY STUDY 33 5 
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FIGURE 1 

DSC thermograms o f  oxprenolo l  HC1 ( 1 1 ,  temazepam (21 ,  PVP ( 3 1 ,  

1 : 1 physical  mix tures o f  oxprenolo l  HC1 : PVP (4 )  and 

temazepam : PVP (5). 

melt ing point  is usual ly inconsequential. On the  other  hand, any 

large sh i f t  in melt ing point signif ies that a s t rong sol id-sol id 

interact ion has occurred, although it does not necessari ly indicate 

an incompatibi l i ty. As expected, some changes in peak shape and 

height - to-width ra t io  can be seen because of possible di f ferences 
12 in t h e  mix tu re  sample geometry , 

T h e  thermograms of both oxprenolol hydrochlor ide : Sterotex 

and temarepam : Sterotex physical mixtures combine t h e  features, 
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336 BOTHA AND LOTTER 

characteristic of the thermograms of each component indicat ing tha t  

no interaction occurred. 

Trace 3 of fig. 1 is  tha t  of PVP, which shows a broad 

endotherm over the temperature range 53 - 14OOC due t o  adsorbed 

water (12% of water, as determined by the Kar l  Fischer t i t ra t ion 

method). Trace 4 of  fig. 1 is the curve  of oxprenolol 

hydrochloride : PVP physical mixture - apart from the  adsorbed 

water endotherm, a second broad endotherm, followed by degrada- 

t ion and/or vaporization can be seen, while the endotherm charac- 

ter is t ic  of oxprenolol hydrochloride has been obliterated. This  

indicates an interaction of PVP with oxprenolol hydrochloride. A 
mixture of temazepam : PVP (trace 5; f ig.1) shows a small 

endotherm wi th  an onset temperature of 150°C. Interactions be- 

tween PVP and diazepam, nitrazepam, donazepam, medazepam and 

chlordiazepoxide were i n ~ e s t i g a t e d ' ~  and it i s  possible tha t  the  

small temazepam endotherm could be due to  a similar interaction. 

Trace 3 of fig. 2 i s  the thermogram of cross- l inked PVP, 

showing a broad endotherm (30 - 14OOC) due t o  adsorbed water. 

The combination temazepam : cross-linked PVP shows, apart  from 

the broad water endotherm and the characteristic temazepam 

endotherm, a lowered degradation exotherm which follows imme- 

diately on the tematepam endotherm (trace 5; fig. 2). Th is  lowered 

exotherm might be  indicative of an interaction. The combination 

oxprenolol hydrochlor ide : cross-linked PVP shows the  character- 

is t ic  feature of oxprenolol hydrochloride, indicat ing compatibility 

(trace 4; fig. 2). 
The thermogram of oxprenolol hydrochloride : Precirol Ato 5 

(trace 4; fig.3) shows a slight downward sh i f t  of the  oxprenolol 

hydrochloride melting endotherm to a temperature of 95 - 1 0 4 O C  

while the therrnogram of temazepam : Precirol Ato 5 (trace 5, fig. 

3) shows not only a downward sh i f t  of the temazepam melting 

endotherm to  a temperature of 146 - 152OC, b u t  the size of the peak 

is apprecially smaller than expected. 
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FIGURE 2 

DSC thermograms of oxprenolol HC1 ( 1 temazepam (21 ,  

cross-linked PVP ( 3 ) ,  1 : 1 physical mixtures o f  oxprenolol HC1 : 

cross-1 inked PVP (4)  and temazepam : cross-linked PVP (5). 

Two over lapping endothermic peaks a re  found  in t h e  case of 

an oxprenolol  hydroch loride-magnesi um stearate m i x t u r e  ( t race 4; 
fig. 4), w i th  onsets o f  t rans i t ion a t  85 and 96OC. The  t race of 

magnesium stearate ( t race 3; fig. 4) shows a b road  melt ing 

endotherm a t  110 - 118OC, which i s  absent in t h e  t race o f  t h e  

combined products.  E x t r a  thermal ef fects in a thermogram before 

t h e  peak of t h e  lower melt ing component m i g h t  b e  ind icat ive of  an 

incompat ib i l i ty  . A temazepam-magnesi urn stea r a t e  combination 

( t race 5; f ig.4),  shows t h e  typ ica l  magnesium stearate endotherm, 

5 
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338 BOTHA AND LOTTER 
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FIGURE 3 

DSC thermograms o f  oxprenolol  HC1 ( l ) ,  temazepam ( 2 1 ,  P r e c i t o l  

Ato 5 ( 3 ) ,  1 : 1 physical  mix tures o f  oxprenolol  HC1 : P r e c i r o l  

Ato 5 (4 )  and temazepam : P r e c i r o l  Ato 5 ( 5 ) .  

followed by a somewhat deformed temazeparn endotherm wi th  an 
onset o f  t rans i t ion a t  149OC. Al though no conclusive conclusions 

can be made, it seems as if, judg ing  f rom t h e  appearance of the 
thermogram, the  poss ib i l i ty  of an interact ion might  excist .  

In the  trace of an oxprenolol hydrochlor ide : stearic acid 

mix tu re  ( t race 4; fig. 5 )  the  character ist ic endotherm of stearic 

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

temperature of 88 - 99OC, probably  t h e  melt ing endotherm of 

oxprenolol hydrochlor ide.  Any  large s h i f t  in melt ing point signif ies 
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FIGURE 4 

DSC thermograms of oxprenolol HC1 (I), ternatepam (21 ,  magnesium 

stearate (31 ,  1 : 1 physical mixtures of oxprenolol HC1 : 

magnesium stearate (4)  and temazeparn : magnesium stearate ( 5 ) .  

t h a t  a s t rong sol id-sol id interact ion has occurred, al though it does 

not necessarily indicate an  incompatibi l i ty. The character ist ic 

endotherm of  stearic acid is  followed by t w o  shallow endotherms 

w i t h  onsets of 128 and 18OOC respect ively in t h e  t race of  a 

ternazepam : stearic acid mix tu re  ( t race 5, fig. 5), while t h e  

character ist ic ternazeparn endotherm disappears completely. Stearic 

acid i s  essentially stable when heated t o  25O0C, a temperature well 

beyond tha t  where t h e  o ther  features of  t h e  thermogram are ob- 
tained. The disappearance of one of t h e  component peaks in a 
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20 40 co ao 100 120 140 160 180 200 220 240 2 
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TEMPERATUUR (OC) 

FIGURE 5 

OSC thermograms o f  oxprenolol HC1 ( 1 1 ,  temazepam ( 2 )  , stearic 

acid (31, 1 : 1 physical mixtures o f  oxprenolol HC1 : stearic 

acid (4) and temazepam : stearic acid ( 5 ) .  

5 mix tu re  might be indicat ive of an incompatibi l i ty . Incompatibi l i t ies 

were also shown between stearic acid and potassium penic i l l in G , 
sodium oxaci l l in monohydrate14, erythromycin15 and cephalexin 16 . 
T h e  interact ion of stear ic acid w i th  ibuprofen was ident i f ied as an 

17 eutectic . 
The thermogram of lactose shows two large endothermic tran- 

sit ions at  137 - 144OC a n d  207.5 - 217OC, followed by a third smaller 

endotherm (trace 3; fig. 6). The combination of oxprenolol  
hydrochlor ide : lactose ( t race 4; fig. 6) shows two endothermr w i t h  

14 
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I I  1 I I I I I I I I I I 1 
0 20 40 60 80 

\ I 

TEMPERATUUR ( O C I  

FIGURE 6 

DSC thermograms o f  oxprenolol HC1 ( l ) ,  tematepam ( 2 1 ,  lactose ( 3 ) ,  

1 : 1 physical mixtures o f  oxprenolol HC1 : lactose ( 4 )  and 

temazepam : lactose. 

onset temperatures of 101 and 17OoC, as well  as a broad over lapping 

endotherm wi th  a maximum a t  113OC. Thus, t h e  endotherm of 

oxprenolol hydrochlor ide can be recognized, w i t h  t h e  feature of an 

addit ional peak a t  170 - 181OC and t h e  loss of  t h e  character ist ic 

lactose endotherm. The reaction between lactose and p r i m a r y  
although oxprenolol  amines i s  well-documented 

hydrochlor ide is a secondary amine, t h i s  resu l t  might  b e  ind icat ive 

of an interaction. T h e  physical combination temazepam : lactose 

shows the  lactose endotherms, as well  as the  character ist ic 

18-19 and 
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FIGURE 7 

DSC thermegrams o f  oxprenolol HC1 (11, teffweparn (2)  

Emcompress (31 ,  1 : 1 phys i ca l  mixtures o f  oxprenolol HC1 : 

Emcornpress ( 4 )  and temazepam : Emcompress (5). 

temazepam endotherm (trace 5; fig. 61, fol lowed by an exotherm, 

which could b e  the  normal temazeparn exotherrn. 

Emcompress shows a melt ing endotherm w i t h  an onset of 
176OC and a maximum a t  187OC ( t race 3; fig. 7) and a shallow broad 

endotherm ranging f rom 100 - 16OoC, due t o  t h e  volat i l izat ion of 

c rys ta l  water. The combination oxprenolol  hydrochlor ide : 

Emcompress shows, apar t  f rom t h e  character ist ic oxprenolol 

hydrochlor ide endothsrm, also an ex t ra  endotherrn w i th  an onset 

of 136OC ( t race 4; fig. 71, which could b e  indicat ive of an in te r -  
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action. A combination of tematepam : Emcompress shows a sharp  

endotherm wi th  an onset of 155OC fol lowed by a v e r y  shallow 

endotherm wi th  an onset of 178OC ( t race 5; fig. 7 ) .  This  possible 

incompatibi l i ty was expected as t h e  combination of an alkal ine ve- 

hicle, such as Emcompress, w i t h  an acidic act ive ingredient  sueR 
as temazepam (pKa 1,61, i s  contra- indicated 26 . Dicalci urn 

phosphate d ihydra te  was found to b e  incompatible w i t h  

nal idi x ic acid 21 a n d  15 ery thromycin , 
dexchlorpheniramine maieate , 

Hardy23 and Smith24 have warned against accepting t h a t  

interactions thus discovered are  detr imental but state tha t  DSC can 

b e  an invaluable tool in avoiding excipients w i th  interact ion poten- 

t ia l .  

16 cephalexin , 
22 

CONCLUSIONS 

T h e  i ncompa t i b i I i ty  between ox  p r e  nolol h y cl roch l o r  ide and PVP , 
magnesium stearate, stearic acid, lactose and Emcompress was 

demonstrated by DSC. Starch, Sta-Rx 1500, Avicel PH 101, Elcerna 

G250, Ac-Di-Sol, Sterotex and cross- l inked PVP exhib i ted no 

interactions wi th oxprenolol hydrochlor ide.  Since no conclusive 

interact ion could be demonstrated in oxprenolol hydrochlor ide mix -  

t u r e s  w i th  Primojel, Explotab and Precirol A to  5, it would b e  bes t  

to avoid these combinations. It was found t h a t  temazepam was 

compatible wi th  starch, Sta-Rx 1500, Primojel, Elcema G250, 

Explotab, Sterotex and lactose. I nteract ions between temazepam 

and cross-l inked PVP, PVP, Precirol  Ato 5 ,  stear ic acid, magnesium 

stearate, Emcompress and possibly Avicel PH 101 and Ac-Di-Sol 

were found and although it cannot be stated t h a t  these inreractions 

would indicate incompatibi l i ty, it would b e  best  to avoid these 

combinations until t h e  nature of  these interact ions is  assessed. 
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