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I N T E R A C T I O N  BETWEEN T R I M E T H O P R I M  AND SOME SULFA DRUGS 

G i  ampi e r o  B e t t  i n e t t i  ( *  1 and F e r d i  nando G i  o rdano 

Department o f  Pharmaceut ica l  Chemis t r y  - U n i v e r s i t y  o f  Pav ia ,  
V i a  T a r a m e l l i  12, 27100 Pav ia ,  I t a l y  

A B S T R A C l  

I n t e r a c t i o n  a b i l i t y  o f  t r i m e t h o p r i m  and s u l f a  d rugs  used i n  

pha rmaceu t i ca l  comb ina t i ons  was t e s t e d .  The p r e p a r a t i o n  o f  

c r y s t a l l i n e  1 :1 m o l e c u l a r  compounds between t r i m e t h o p r i m  and 

s u l f a m e t r o l e  , s u l f a m e t h o x y p y r i d a z i  ne, s u l f  a d i m i d i n e  i s d e s c r i b e d .  

Two m o l e c u l a r  compounds, w i t h  s u l f a m e t h o x y p y r i d a z i n e  and 

s u l  f a d i m i d i  ne, were a1 so i s o l  a t e d  as s o l  v a t e s  ( w a t e r  and methanol  , 

r e s p e c t i v e l y ) .  No i n t e r a c t i o n  was d e t e c t e d  i n  t h e  case o f  

s u l  f a d i  a z i  ne, s u l  famoxole,  and s u l f a m e t h o p y r a z i  ne.  Thermal 

a n a l y s i s  ( D S C ,  T G ) ,  X- ray  d i f f r a c t o m e t r y ,  and I R  s p e c t r o s c o p y  were 

used f o r  phys i cochemica l  c h a r a c t e r i z a t i o n .  Phase d iagrams o f  

each t r i m e t h o p r i m  - s u l f a  d r u g  b i n a r y  system a r e  r e p o r t e d ,  

comparing e x p e r i m e n t a l  t o  t h e o r e t i c a l  d a t a  f r o m  s o l  i d - l i q u i d  

e q u i l i b r i a .  The n a t u r e  o f  t r i m e t h o p r i m - s u l f a  d r u g  i n t e r m o l e c u l a r  

bond ing  i s  b r i e f l y  d i s c u s s e d  and t h e  p r a c t i c a l  consequences o f  

s o l  i d  m o l e c u l a r  compound f o r m a t i o n  on t h e  pharmaceu t i ca l  

q u a l i t y  o f  such comb ina t ions  a r e  o u t l i n e d .  

( * )  Presen t  address :  Department o f  Pharmaceut ica l  Sc iences  - 
U n i v e r s i t y  o f  F l o r e n c e ,  V i a  G. Capponi 9, 50121 F l o r e n c e ,  I t a l y .  
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4 32 

I N T R O D U C T I O N  

BETTINETTI AND GIORDANO 

Among t h e  phys i cochemica l  f a c t o r s  capab le  o f  

b iopharmaceu t i ca l  and t e c h n o l o g i c a l  p r o p e r t i e s  o f  

s o l i d  comb ina t ion ,  t h e  p o s s i b i l i t y  o f  complex 

i n f  1 uenc i  ng some 

a pharmaceu t i ca l  

f o r m a t i o n  as a 

consequence of i n t e r a c t i o n  between t h e  a c t i v e  i n g r e d i e n t s  i s  w o r t h  

c o n s i d e r i n g  ( 1 ) .  It i s  w e l l  known t h a t  a m o l e c u l a r  compound 

e x i s t i n g  i n  t h e  s o l i d  s t a t e  shows p h y s i c a l  c h a r a c t e r i s t i c s  such as 

p a r t i c l e  s i z e  and c r y s t a l  h a b i t ,  wh ich  may i n f l u e n c e  b o t h  s u r f a c e  

p r o p e r t i e s  and s u s p e n d a b i l i t y  ( 2 )  , d i s s o l u t i o n  b e h a v i o r  ( 3 )  , 

t a b l e t i n g  b e h a v i o r  (41, and c o m p a t i b i l i t y  ( 5 )  o f  powder m a t e r i a l s .  

These p r o p e r t i e s  o f t e n  s i g n i f i c a n t l y  d i f f e r  f r o m  t h o s e  o f  t h e  

p h y s i c a l  m i x t u r e  o f  t h e  components. D i f f e r e n c e s  i n  t h e  

thermodynamic p r o p e r t i e s  o f  a c r y s t a l l i n e  d r u g  i n  t h e  f r e e  o r  

complexed s t a t e  can a l s o  be observed ( 6 ) .  The e q u i l i b r i u m  

s o l u b i l i t y  and d i s s o l u t i o n  r a t e ,  wh ich  a r e  o f t e n  d i r e c t l y  r e l a t e d  

t o  t h e  p h y s i o l o g i c a l  a c t i v i t y  and a v a i l a b i l i t y  o f  t h e  drug ,  may 

a l s o  be i n f l u e n c e d .  

Our p r e v i o u s  i n v e s t i g a t i o n s  on b i n a r y  systems i n v o l v i n g  t h e  

a n t i  f o 1 a t e  d r u g  t r i met hopr i m , 2 , 4 - d i  ami no- 5 - ( 3 , 4 , 5- t r i met hoxyben - 

z y l l p y r i m i d i n e ,  l e d  t o  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  a 1 : l  

m o l e c u l a r  compound w i t h  su l famethoxazo le  ( 7 )  , which  was a l s o  f o u n d  

i n  commercial  and l a b o r a t o r y  s o l i d  dosage fo rms (2,8). On t h e  

b a s i s  of t h e  above c o n s i d e r a t i o n s ,  i t  seemed mean ing fu l  t o  i n v e s -  

t i g a t e  t h e  p o s s i b l e  i n t e r a c t i o n s  between t r i m e t h o p r i m  and t h e  

s u l f a  d rugs  used i n  pha rmaceu t i ca l  comb ina t ions  o f  t h e r a p e u t i c a l  

r e l e v a n c e  ( 9 ) .  Thus t h e  p r e s e n t  s t u d y  was des igned  t o  e x p l o r e  t h e  

b e h a v i o r  of  t r i m e t h o p r i m  w i t h  s u l f a d i a z i n e ,  su l famoxo le ,  s u l f a m e t -  

r o l e ,  su l famethopyraz ine ,  s u l f a m e t h o x y p y r i d a z i n e  and s u l f a d i m i d i  ne. 

The b i n a r y  systems o f  t r i m e t h o p r i m  and each o f  t h e  above 

su l fonamides  were examined m a i n l y  by  the rma l  a n a l y s i s .  I n  o r d e r  t o  
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INTERACTION BETWEEN TRIMETHOPRIM AND SULFA DRUGS 433 

p r o p e r l y  p u t  i n t o  ev idence  t h e  f o r m a t i o n  o f  p o s s i b l e  i n t e r a c t i o n  

compounds, X - ray  d i f f r a c t i o n  d a t a  and I R  s p e c t r a  o f  t h e  s o l i d  

phases o b t a i n e d  f r o m  t r i m e t h o p r i m  and s u l f a  d r u g  p h y s i c a l  m i x t u r e s  

were c o l l e c t e d .  The p o s s i b l e  n a t u r e  o f  bond ing  between 

t r i m e t h o p r i m  and t h e  i n t e r a c t i n g  s u l f a  d r u g  i s  a l s o  b r i e f l y  

d iscussed,  a i m i n g  t o  f o c u s e  some phys i cochemica l  and m o l e c u l a r  

parameters  r e l e v a n t  f o r  t h e  i n t e r a c t i o n .  L a s t l y ,  some i m p l i c a t i o n s  

o f  t h e  s o l i d  s t a t e  i n t e r a c t i o n  between t h e  a c t i v e  i n g r e d i e n t s  on 

t h e  t e c h n o l o g i c a l  and b i o p h a r m a c e u t i c a l  c h a r a c t e r i s t i c s  o f  s o l i d  

dosage fo rms a r e  o u t l i n e d .  

EXPERIMENTAL 

M a t e r i a l s  - - - - - - - - -  - T r i m e t h o p r i m  ( T M P )  ( P o l i )  was r e c r y s t a l l i z e d  t h r e e  

t i m e s  f r o m  w a t e r : e t h a n o l  30:70 ( f o r m  I: mp = 199.4 0 .3  " C ;  L H f  = 

49.4 f 1.3 k J / m o l )  ( 7 ) .  S u l f a d i a z i n e  (SFD) ( R i c e r c h i m i c a ) ,  

s u l f a m e t r o l e  ( S M T R )  (Menar in i  1, s u l f a m e t h o p y r a z i n e  (SMP) 

( F a r m i t a l i a  - C .  E rba ) ,  and s u l f a m e t h o x y p y r i d a z i n e  (SMPD) ( C o r v i  1 
were used d i r e c t l y .  S u l f a d i m i d i n e  (SDMD) ( C .  E rba ) ,  f o r  wh ich  

d i f f e r e n t  m e l t i n g  p o i n t s  a r e  reco rded  (101, was t w i c e  

r e c r y s t a l l i z e d  f r o m  e t h a n o l  and i t s  c r y s t a l  f o r m  and 

thermodynamic parameters  were assessed. Su l famoxo le  (SMOS) 

( R i c e r c h i m i c a )  was t w i c e  r e c r y s t a l l i z e d  f r o m  methanol  i n  o r d e r  

t o  p repare  t h e  h i g h - m e l t i n g  po lymorph ( 1 1 ) .  

The m e l t i n g  p o i n t s  and h e a t s  o f  f u s i o n  o f  t h e  above 

su l fonamides  and su l famethoxazo le  (SMZ), f o r  ease o f  comparison, 

a r e  c o l l e c t e d  i n  T a b l e  1, t o g e t h e r  w i t h  t h e  r e s p e c t i v e  pKa v a l u e s  

and h e t e r o c y c l i c  p o r t i o n s .  

The p h y s i c a l  m i x t u r e s  were p repared  by  m i x i n g  l i g h t l y  and 

t h o r o u g h l y  t h e  components i n  a c h i n a  m o r t a r .  

P r e p a r a t i o n  o f  m o l e c u l a r  compounds - a )  2.88 g o f  t h e  equ imo la r  

p h y s i c a l  m i x t u r e  o f  SMTR and TMP were r e c r y s t a l l i z e d  f r o m  60 m l  o f  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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4 34 BETTINETTI AND GIORDANO 

TABLE 1 

SOME PHYSICOCHEMICAL AND STRUCTURAL PARAMETERS OF SULFONAMIDES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

amino 

portion C) 
b, heterocyclic mp,"C a) h f ,  PKa SULFA DRUG 

kJ/mol a) 

SULFADIAZINE 257.6(0.4) 43.7 
(SFD 1 

SULFAMOXOLE 208.6(0.8) 30.5 
(SMOS ) 

0 .6 )  

1.2) 

SULFAMETROLE 150.3 ( 0 . 2 )  34.4bJ.6) 
( SMTR 1 

SULFAMETHOPYRAZINE 174.6( 0.3) 34.2 (0 .8 )  
(SMP 1 

6.4 

7.4 

4.8 

6.1 

SULFAMETHOXY PYRIDAZ I N E  180.9( 0.3) 32.6 (0. 3Id) 
(SMPD) 

7.2 

SULFADIMIDINE 197.6(0.1) 36.1(0.3)e) 7.4 
( SDMD ) 

SULFAMETHOXAZOLE 170.3 (0.5) 32.2 (0.8) f, 6.0 
( SMZ 1 

a )  (i S.D.), 5 runs. b) From ref. ( 9 ) .  c )  For -N=C-N-H bond 
lengths and angles see refs (12-18). d) In agreement with the 
value recently assigned to form I (15). e) About 10% higher than 
the value reported in (19). f) From ref. (7). 
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INTERACTION BETWEEN TRIMETHOPRIM AND SULFA DRUGS 43 5 

95% e t h a n o l .  The s o l i d  was f i l t e r e d  by  s u c t i o n  and d r i e d  ( d r y i n g  

p i s t o l :  10 mm Hg, 90 " C )  t o  g i v e  2.60 g (90%) o f  TMP-SMTR 

( C  H N 0 .C H N 0 S 1, mp = 180.8 f 0.3 "C  and &if = 80.7 f 

2.5 kJ/mol ( 5  r u n s ) .  The same compound c o u l d  be i s o l a t e d  by  

r e c r y s t a l l i z a t i o n  f r o m  m e t h a n o l i c  o r  aqueous s o l u t i o n s  and b y  

e v a p o r a t i o n  o f  a m e t h a n o l i c  s o l u t i o n  o f  t h e  s t a r t i n g  m i x t u r e ,  and 

a l s o  f r o m  m i x t u r e s  c o n t a i n i n g  a h i g h e r  amount o f  SMTR w i t h  r e s p e c t  

t o  TMP ( 2 : l  mo1:mol). 

- b )  2.85 g o f  t h e  equ imo la r  p h y s i c a l  m i x t u r e  o f  SMPD and TMP were 

r e c r y s t a l l i z e d  f r o m  30 ml o f  95% e t h a n o l .  F o l l o w i n g  t h e  p rocedure  

d e s c r i b e d  i n  a )  , were r e c o v e r e d  2.52 g (88%)  o f  TMP-SMPD 

( C  H N 0 .C H N 0 S ) ,  mp = 169.5 f 0.2 " C  and AHf = 72.3 

0.5 kJ/mol ( 5  r u n s ) .  The same compound c o u l d  be i s o l a t e d  by  

r e c r y s t a l l i z a t i o n  f r o m  methanol  o r  b y  e v a p o r a t i o n  o f  a m e t h a n o l i c  

s o l u t i o n  o f  t h e  s t a r t i n g  m i x t u r e ,  and a l s o  f r o m  m i x t u r e s  

c o n t a i n i n g  a h i g h e r  amount o f  SMPD w i t h  r e s p e c t  t o  TMP ( 2 : l  

mo1:mol). R e c r y s t a l l i z i n g  t h e  s t a r t i n g  m i x t u r e  f r o m  d i s t i l l e d  

water ,  t h e  h y d r a t e  TMP-SMPD.H20 ( C  H N 0 C H N 0 S.H20), was 

o b t a i n e d  i n  p r a c t i c a l l y  q u a n t i t a t i v e  y i e l d .  

- c )  2.84 g o f  t h e  equ imo la r  p h y s i c a l  m i x t u r e  o f  SDMD and TMP were 

r e c r y s t a l l i z e d  f r o m  30 m l  o f  e thano1:water  50:50. F o l l o w i n g  t h e  

p rocedure  d e s c r i b e d  i n  a )  , were recove red  2.39 g (84%) o f  TMP-SDMD 

(C14H18N403.C12H,4N402S), mp = 168.6 0 .3  " C  and AHf = 61.9 f 

2.0  kJ/mol ( 5  r u n s ) .  The same compound was a l s o  o b t a i n e d  f r o m  

m i x t u r e s  c o n t a i n i n g  a h i g h e r  amount o f  SDMD w i t h  r e s p e c t  t o  

TMP ( 2 : l  mol : m o l l .  The s o l i d  o b t a i n e d  by  r e c r y s t a l  l i z a t i o n  

of t h e  s t a r t i n g  m i x t u r e  f r o m  100 ml o f  methanol  i n  a 92% 

y i e l d  was t h e  s o l v a t e  w i t h  one methanol  m o l e c u l e  TMP-SDMD.CH OH 

( C  H N 0 . C  H N 0 S.CH O H ) .  The same p r o d u c t  was a l s o  i s o l a t e d  

1 4 1 8 4 3  9 1 0 4 3 2  

14 18 4 3 11 12 4 3 

14  18 4 3 '  11 12 4 3 

3 

14 i a  4 3 12 14 4 2  3 
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436 BETTINETTI AND GIORDANO 

by spontaneous p r e c i p i t a t i o n  o r  by  e v a p o r a t i o n  o f  a m e t h a n o l i c  

s o l u t i o n  o f  t h e  m i x t u r e .  

The e lemen ta l  ana lyses  o f  t h e  compounds o b t a i n e d  a r e  i n  

s a t i s f a c t o r y  agreement ( ?  0.2% f o r  C ,  H, N) w i t h  t h e  m o l e c u l a r  

f o rmu las  g i v e n  above i n  pa ren theses .  

Appara tus  and p rocedures  - C a l o r i m e t r i c  and t h e r m o g r a v i m e t r i c  

( M e t t l e r  TG 50 thermoba lance)  ana lyses  were pe r fo rmed  w i t h  a 

M e t t l e r  TA 3000 d i f f e r e n t i a l  scann ing  c a l o r i m e t e r .  Samples (3-8 

mg) sea led  i n  A1 c o n t a i n e r s  were scanned between 50 and 300 " C  a t  

a h e a t i n g  r a t e  o f  5 K/min, u s i n g  n i t r o g e n  as a purge gas. I n  DSC 

r u n s  were used p h y s i c a l  m i x t u r e s  c o n t a i n i n g :  1 )  TMP and t h e  s u l f a  

d rug ;  2 )  e q u i v a l e n t  q u a n t i t i e s  o f  a s i n g  e component and t h e  

m o l e c u l a r  compound, when a v a i l a b l e .  The c o m p o s i t i o n  o f  t h e  

m i x t u r e s  u s u a l l y  ranged f r o m  0.05 t o  0 95 s u l f a  d r u g  mo le  

f r a c t i o n s ,  w i t h  0.05 inc remen ts .  The a n a l y s i s  o f  t h e  phase 

diagrams o f  each TMP and s u l f a  d rug  b i n a r y  system was a l s o  c a r r i e d  

o u t  by  t h e o r e t i c a l  c a l c u l a t i o n s  on t h e  s o l i d - l i q u i d  e q u i l i b r i a  

u s i n g  a p p r o p r i a t e  models o f  t h e  m e l t  (20,211. V i s u a l  o b s e r v a t i o n  

o f  t h e  samples was pe r fo rmed  w i t h  a h o t  s t a g e  m ic roscope .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X- ray  d i f f r a c t i o n  p a t t e r n s  on powder were o b t a i n e d  w i t h  a 

P h i l i p s  PW 1050/25 d i f f r a c t o m e t e r ,  CU-K, r a d i a t i o n .  I R  s p e c t r a  

were t a k e n  as N u j o l  m u l l s  and as K B r  p e l l e t s  on a Perk in -E lmer  

Mod. 682 spec t ropho tomete r .  

RESULTS 

Among t h e  su l fonamides  cons ide red ,  SFD, SMOS and SMP d i d  n o t  

i n t e r a c t  w i t h  TMP under  t h e  d e s c r i b e d  c o n d i t i o n s .  The s t a r t i n g  

m i x t u r e  o f  TMP and s u l f a  d r u g  was r e c o v e r e d  i n  each p rocedure  used 

t o  p r e p a r e  m o l e c u l a r  compounds, as p roved  by  I R  and X- ray  

ana lyses .  Thermal a n a l y s i s  o f  t h e  t h r e e  b i n a r y  systems c o n f i r m e d  

t h e  absence o f  i n t e r a c t i o n  between t h e  components and demonst ra ted  
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INTERACTION BETWEEN TRIMETHOPRIM AND SULFA DRUGS 43 7 

TABLE 2 

SFD/TMP 189.4 189.5 (0 .4  0.23 0.25 

SMOS/TMP 171.8 167 .6U.5 )  0.54 0.57 

SMP/TMP 157.5 152.9(0.2) 0.70 0.68 

t h e  occurrence o f  s i n g l e  e u t e c t i c  V-type phase diagrams. The 

t h e o r e t i c a l  phase diagrams, drawn u s i n g  thermodynamic parameters 

o f  t h e  components, a r e  i n  agreement w i t h  t h e  exper imenta l  

diagrams, as proved by t h e  e u t e c t i c  temperature (S.D. f rom 20 

exper imenta l  p o i n t s )  and composi t ion va lues r e p o r t e d  i n  Table 2. 

The o t h e r  s u l f a  drugs t e s t e d ,  SMTR, SMPD and SDMD, i n t e r a c t  

w i t h  TMP p roduc ing  t h e  r e s p e c t i v e  1 : l  mo lecu la r  compound, as i n  

t h e  case o f  SMZ ( 7 ) .  Moreover two s o l v a t e d  complexes, i . e .  

TMP-SMPD.H20 and TMP-SDMD.CH30H, were obta ined.  The mo lecu la r  

r a t i o s  o f  water  con ta ined  i n  t h e  hyd ra te  and methanol con ta ined  i n  

t h e  methanolate complexes were determined b o t h  by we igh t  loss on 

d r y i n g  and by thermograv imetry .  I n  bo th  cases, t h e  we igh t  losses 

(3.3% f o r  t h e  compound w i t h  SMPD, t h e o r e t i c a l  = 3.06%; 5.3% f o r  

t h e  compound w i t h  SDMD, t h e o r e t i c a l  = 5.33%) i n d i c a t e  t h a t  

p r e c i s e l y  one mole o f  c r y s t a l  water  and methanol, r e s p e c t i v e l y ,  i s  

con ta ined  i n  t h e  s o l v a t e s  (see F i g .  1 :  curves - -  e, i ) .  TMP-SMPD.H20 

g i ves  t h e  anhydrous complex by washing w i t h  abso lu te  e thano l  ( o r  

methanol)  o r  by h e a t i n g  over  100 "C,  w h i l e  TMP-SDMD.CH30H i s  
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I1 

f -156'C 
I /  

h 

?$@- 
I 
I 
\ 

l l l l l t l ~ *  , 1 1 1  L 

0 100 150 200 250 

TEMPE RAT u R E , O C 

F I G U R E  1 

DSC (cont inuous l i n e ,  5 K/min) and TG (do t t ed  l i n e ,  I : '  :Urnin) 
curves.  

Key: - a TMP:SMTR 1 : l  physical  mixture;  - b TMP-SMTR; 
- c TMP:SMPD 1 : l  physical  mixture;  d TMP-SMPD; 
- e TMP-SMPD.H20; f TMP:SDMD 1 : l  physical  n' I ixture;  
- g rescanning o f  ?; - -  h TMP-SDMD; - i TMP-SDMD.CH30H. 
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INTERACTION BETWEEN TRIMETHOPRIM AND SULFA DRUGS 439 

t ransformed i n t o  TMP-SDMD by washing w i t h  an e thano l  :water  1 :1 

s o l u t i o n  o r  by h e a t i n g  over  140 " C .  

The thermal  behav io r  o f  t h e  new s o l i d  phases and t h e  p h y s i c a l  

m i x t u r e s  used f o r  t h e i r  p r e p a r a t i o n  i s  d e p i c t e d  i n  F i g .  1 .  Curve - a 

shows t h e  thermal  e f f e c t s  assoc ia ted  w i t h  t h e  f o r m a t i o n  o f  

TMP-SMTR d u r i n g  t h e  h e a t i n g  o f  and 

t h e  f u s i o n  a t  about 180 " C  f o l l o w e d  by decomposi t ion.  The f u s i o n  

o f  pure c r y s t a l l i n e  TMP-SMTR i s  shown by cu rve  - b. The smal l  

endothermic peak a t  about 169 " C  i n  curve - c i s  a t t r i b u t a b l e  t o  

t h e  f u s i o n  o f  TMP-SMPD formed i n  t h e  e u t e c t i c  m e l t  a t  about 148 

" C .  The f u s i o n  o f  c r y s t a l l i n e  TMP-SMPD a t  169.5 "C i s  presented i n  

cu rve  - d. TMP-SMPD.H20 f i r s t  l oses  water  between 105 and 

115 " C  g i v i n g  an amorphous (as proved a l s o  by X-ray p a t t e r n )  which 

then  c r y s t a l l i z e s  and m e l t s  as TMP-SMPD ( cu rves  - e l .  The equimolar  

p h y s i c a l  m i x t u r e  o f  TMP and SDMD i s  c h a r a c t e r i z e d  b y  an e u t e c t i c  

metastable m e l t i n g  a t  about 156 " C  ( c u r v e  - f ) .  Second scanning on a 

coo led  sample g i ves  curve - g: t h e  exothermal e f f e c t  i s  

a t t r i b u t a b l e  t o  t h e  c r y s t a l l i z a t i o n  o f  t h e  g l a s s y  amorphous s o l i d  

w i t h  a f i n a l  m e l t i n g  a t  168.6 "C, t h e  same mp o f  c r y s t a l l i n e  

TMP-SDMD ( c u r v e  - h ) .  Curves - i show t h e  d e s o l v a t i o n  o f  t h e  

methanolate and a f i n a l  m e l t i n g  behav io r  which resembles t h a t  

o f  t h e  p h y s i c a l  m i x t u r e  (see cu rve  - f )  . 

t h e  m i x t u r e  o f  t h e  components 

X-ray powder a n a l y s i s  o f  t h e  s o l i d  phases prepared as 

p r e v i o u s l y  desc r ibed  ( F i g .  2 )  and t h e  p h y s i c a l  m i x t u r e s  o f  t h e  

r e s p e c t i v e  components (wh ich  correspond t o  t h e  weighed average o f  

those taken on pure components) p rov ides  s u p p o r t i n g  ev idence f o r  

arrangements i n  new c r y s t a l  s t r u c t u r e s .  

I R  spec t roscop ic  d a t a  ( F i g .  3 )  a l s o  demonstrate t h e  f o r m a t i o n  

o f  new c r y s t a l l i n e  e n t i t i e s  as a r e s u l t  o f  i n t e r a c t i o n .  As f o r  
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4 40 BETTINETTI AND GIORDANO 

TMP-SMTR 
0 

TMP- SMPD II 

I I 
TMP- SMPD*HZO 
C I 

TMP-SDMD 
d 

TMP-SDMD *CH.JOH 
e 

I 
I I 

5 10 15 20 25 30 
2 8  

FIGURE 2 

X-ray diffraction patterns. 

Key: a TMP-SMTR; b TMP-SMPD; c TMP-SMPD.H 0; 
2 - 

- d TMP-SDMD; Z - TMP-SDMD.CH30H. 
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35c0 2500 1700 1300 900 500 

Wave number (cm-') Wave number k m " )  

FIGURE 3 

I R  spec t ra  (KBr p e l l e t s )  o f  mo lecu la r  compounds (a ,  
corresponding p h y s i c a l  m i x t u r e s  (a ,  _ - _  b y  c ,  l o w e r ) ,  q o  

b y  c upper 
va tes  (d,  - -  e 
- -  Y 

Key: a TMP-SMTR ; b TMP-SMPD ; c TMP-SDMD; - 
- d TMP-SMPD.H2G ; - e TMP-SDME.CH30H. 

s o l v a t e s  ( s p e c t r a  d ,  e-), c h a r a c t e r i s t i c  bands of water  and 

methanol a re  e v i d e n t .  I n  t h e  s p e c t r a  o f  TMP compounds, peaks 

corresponding t o  N-H s t r e t c h i n g  i n  t h e  3500-3000 cm r e g i o n  move 

t o  lower f r e q u e n c i e s  o f  v i b r a t i o n s  w i t h  r e s p e c t  t o  IMP a lone  o r  

phys ica l  m i x t u r e s .  Such a s h i f t  i s  i n d i c a t i v e  o f  an i n c r e a s i n g  of 

hydrogen bonding, as a consequence o f  i n t e r a c t i o n  (7,221.  

-1 

F i g u r e s  4, 5 and 6 i l l u s t r a t e  t h e  phase diagrams f o r  t h e  

systems SIVITR/TMP, SMPD/TMP, and SDMD/TMP, r e s p e c t i v e l y .  The 
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442 BETTINETTI AND GIORDANO 

SMTR 0.8 0.6 TMP-SMTR '0.4 02 TMP 

XsMT, 

FIGURE 4 

Phase diagram o f  t h e  SMTR/TMP b i n a r y  system (see Table 3 ) .  

Key: Upper cu rve  ( d o t t e d  l i n e )  = c a l c u l a t e d  f rom t h e  t h e o r e t i c a l  
model on t h e  assumption o f  t o t a l  d i s s o c i a t i o n  o f  TMP-SMTR i n  
t h e  m e l t .  
Lower cu rve  (dashed l i n e )  = c a l c u l a t e d  f rom t h e  t h e o r e t  
model on t h e  assumption o f  u n d i s s o c i a t i o n  o f  TMP-SMTR i n  
m e l t .  
Cont inuous l i n e  = c a l c u l a t e d  f rom t h e  t h e o r e t i c a l  mode 
t h e  assumption o f  p a r t i a l  d i s s o c i a t i o n  o f  TMP-SMTR i n  
m e l t  (K(d,a)  = 0 .1 ) .  

c a l  
t h e  

on 
t h e  

( 0 )  Experimental  p o i n t s :  endo-exothermal e f f e c t s  assoc ia ted  
w i t h  t h e  f o r m a t i o n  o f  t h e  molecular  compound ( F i g .  1, cu rve  
._ a)  a re  n o t  represented.  
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INTERACTION BETWEEN TRIMETHOPRIM AND SULFA DRUGS 44 3 

SMPD 0.8 0.6 TMP-SMPO 0.4 0.2 TMP 

XSMPD 

FIGURE 5 

Phase diagram o f  t h e  SMPD/TMP b i n a r y  system (see Table 3 ) .  

Key: Dashed l i n e  = e u t e c t i c  metastable f u s i o n  o f  m i x t u r e s  o f  TMP 
and SMPD. 
Cont inuous l i n e  = t h e o r e t i c a l  curve, c a l c u l a t e d  on t h e  
assumption o f  TMP-SMPD 50% d i s s o c i a t i o n  i n  t h e  m e l t  
( d i s s o c i a t i o n  e q u i l i b r i u m  cons tan t  K(d,b) = 1 I .  
( 0 1  Exper imenta l  p o i n t s  ( f r o m  DSC runs on mo lecu la r  compound 
and TRP o r  SMPD m i x t u r e s  1. 

exper imenta l  d a t a  f o r  e u t e c t i c s  agree w i t h  t h e  t h e o r e t i c a l  da ta  

c a l c u l a t e d  assuming p a r t i a l  d i s s o c i a t i o n  o f  each mo lecu la r  

compound i n  i t s  components i n  t h e  m e l t  (Tab le  3 ) .  The K ( d ) s '  

va lues should be taken  as mere ly  i n d i c a t i v e  owing t o  t h e  

u n c e r t a i n t i e s  i n h e r e n t  i n  t h e  exper imenta l  s o l i d - l i q u i d  

e q u i l i b r i u m  p o i n t s  ( 2 0 ) .  
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444 BETTINETTI AND GIORDANO 

200, 

156.1- 0.3O 

SDMD 0.8 0.6 TMP-SOMO 0.4 0.2 TMP 
Y 

ASOMD 

FIGURE 6 

Phase diagram o f  t h e  SDMD/TMP b i n a r y  system (see Table 3 ) .  

Key: Dashed l i n e  = e u t e c t i c  metastable f u s i o n  o f  m i x t u r e s  o f  TMP 
and SDMD. 
Continuous l i n e  = t h e o r e t i c a l  curve,  c a l c u l a t e d  on t h e  
assumption o f  a p a r t i a l  d i s s o c i a t i o n  o f  TMP-SDMD i n  t h e  m e l t  
( d i s s o c i a t i o n  e q u i l i b r i u m  cons tan t  K(d,a) = 0 .1) .  
( 0 1  Exper imental  p o i n t s  ( f r o m  DSC runs  on mo lecu la r  compound 
and TMP o r  SDMD m ix tu res  I .  

DISCUSSION AND CONCLUSIONS 

TMP forms 1 : 1 mol ecul  a r  compounds w i t h  SMTR, SMPD, SDMD, and 

SMZ ( 7 ) .  Some genera l  h i n t s  about t h e  b i n d i n g  mode between TMP and 

s u l f a  drugs can be d e r i v e d  on t h e  b a s i s  o f  a v a i l a b l e  spec t roscop ic  

da ta  and l i t e r a t u r e  d a t a  about t h e  c r y s t a l  s t r u c t u r e s  o f  

sul fonamides (12-18) and v a r i o u s  TMP compounds (22 -24 ) .  
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INTERACTION BETWEEN TRIMETHOPRIM AND SULFA DRUGS 445 

h li 0-CH3 
H H  0-CH3 g g  

/ 'YN \ so2- SULFA DRUG 
PORT I ON 

148. la) 
SMTR/TMP 

180. Oa) 0.41a) 

b )  175.0 178.7 0.35b) 0.36 b )  145.6b) 144.4 0.91 0.88 
( 0 . 2 4 )  (0 .29)  

143.4') 0.87') 169.2') 0.36') 

SMPD/TMP 
162.2d) 162.0 0.73 d )  0.71 169.3d)168.8 O.4gd) 0.49 

(0 .80 )  (0 .50 )  

b )  
SDMD/TMP 

165.7 164.5 0.41b) 0.43 
b )  162.7b) 163.7 0.64 0.65 

(0 .80)  ( 0 . 3 0 )  

( * I  On t h e  assumpt ion  t h a t  t h e  m o l e c u l a r  compound i n  t h e  m e l t  i s  
a )  t o t a l l y  d i s s o c i a t e d ;  b )  p a r t i a l l y  d i s s o c i a t e d ,  K(d ,a)  = 0.1; c )  
u n d i s s o c i a t e d ;  d )  p a r t i a l l y  d i s s o c i a t e d ,  K(d ,b)  = 1 (see  r e f s  20, 
2 1 ) .  e )  A 1  l e a s t  10 e x p e r i m e n t a l  p o i n t s .  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



446 BETTINETTI AND GIORDANO 

A s  a w o r k i n g  h y p o t h e s i s ,  l e t  us assume t h a t  i n  a l l  t h e  

TMP:sulfonamide i n t e r a c t i o n s  l e a d i n g  t o  a c r y s t a l l i n e  molecu la t .  

compound t h e  same m o l e c u l a r  p o r t i o n s  as i n  TMP-SMZ ( 2 2 )  a r e  

i n v o l v e d .  T h i s  i s  ev idenced  i n  t h e  f o l l o w i n g  scheme. 

Four  ma in  parameters  seem t o  p l a y  a concomi tan t  r o l e :  1 )  t h e  

pK 

t h e  h e t e r o c y c l i c  n i t r o g e n  atom N* f o r  hydrogen bond ing  w i t h  NH 

TMP; 3 )  t h e  a r o m a t i c i t y  o f  t h e  h e t e r o c y c l e  o f  t h e  su l fonamide ;  

t h e  geometry (bond l e n g t h s  and a n g l e s )  o f  t h e  atoms i n v o l v e d .  

o f  t h e  s u l f a  d rug  f o r  t h e  TMP p r o t o n a t i o n ;  2 )  t h e  b a s i c i t y  o f  
a 

of  

4 )  
2 

Uptodate  i t  i s  h i g h l y  p r o b a b l e  t h a t  o n l y  t h r o u g h  t h e  

adequate , b a l  anced c o m b i n a t i o n  o f  t h e s e  parameters ,  t h e  

c o n d i t i o n s  f o r  l i n k i n g  v i a  - - -  hydrogen bond ing  between TMP 

and t h e  s u l f a  d r u g  a r e  reached. As a q u a l i t a t i v e  o b s e r v a t i o n ,  i t  

can be s a i d  t h a t  t h e  presence o f  a second he te roa tom d i r e c t l y  

l i n k e d  t o  N* i n  t h e  above scheme shou ld  enhance i t s  a c c e p t o r  

a b i l i t y  i n  hydrogen bond ing  and f a v o u r s  t h e  i n t e r a c t i o n  w i t h  TMP. 

a s t a b l e  

A s  f o r  p r a c t i c a l  i m p l i c a t i o n s  o f  t h e s e  i n t e r a c t i o n s ,  some o f  

t h e  observed d i f f e r e n c e s  i n  t h e  pharmaceu t i ca l  qua1 i t y  o f  s o l  i d  

comb ina t ions ,  e.g. d i s i n t e g r a t i o n  t i m e  and d i s s o l u t i o n  r a t e  

(25 ,261,  m i g h t  be a consequence o f  i n t e r a c t i o n  between t h e  a c t i v e  

i n g r e d i e n t s  ( 2 7 ) .  T h i s  i n t e r a c t i o n  can o c c u r  depend ing  on t h e  

f o r m u l a t i o n  and m a n u f a c t u r i n g  f a c t o r s .  I n v e s t i g a t i o n s  o f  t h e  

i n f l u e n c e  o f  t h e s e  f a c t o r s  as pe r fo rmed  on C o - t r i m o x a z o l e  (28)  a r e  

a l s o  necessary  f o r  comb ina t ions  o f  TMP w i t h  SMTR, SMPD, and SDMD. 

F u r t h e r  a t t e n t i o n  s h o u l d  be payed t o  SMPD and SDMD comb ina t ions  

because o f  t h e i  r a b i  1 i t y  t o  g i v e  s o l  v a t e d  mo lecu l  a r  compounds. 

F o r  example, a powdered m i x t u r e  o f  TMP and SMPD i s  

t r a n s f o r m e d  by  w e t t i n g  w i t h  w a t e r  i n  a c l o t t y  mass w i t h  poor  f l o w  

(and d i s s o l u t i o n )  p r o p e r t i e s ,  because o f  TMP-SMPD.H 0 f o r m a t i o n .  

Thus, i n  t h e  m a n u f a c t u r i n g  process  o f  s o l i d  dosage fo rms ,  
2 
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i n c o m p a t i b i l i t y  occu rs  by  c o n t a c t  w i t h  aqueous media o r  even 

w a t e r - c o n t a i n i n g  s o l v e n t s .  T h i s  a l s o  i m p l i e s  t h a t  t h e  dosage fo rms 

must be p r o t e c t e d  f r o m  h u m i d i t y  d u r i n g  t h e  s h e l f  t i m e  t h r o u g h  

adequate f o r m u l a t i o n  and s t o r a g e  c o n d i t i o n s .  
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