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ABSTRACT 

D i f f e r e n t i a l  scanning c a l o r i m e t r y  was used t o  e v a l u a t e  t h e  

Phys ica l  i n t e r a c t i o n s  between ergotamine t a r t r a t e  and c a f f e i n e .  

m i x t u r e s  o f  ergotamine t a r t r a t e  and c a f f e i n e ,  as w e l l  as m i x t u r e s  

formed by evapora t ion  o f  ergotamine t a r t r a t e  and c a f f e i n e  f rom a 

methanol s o l u t i o n ,  were evaluated. The p r e p a r a t i o n  and charac- 

t e r i z a t i o n  o f  e leven d i f f e r e n t  molar  r a t i o s  o f  ergotamine 

t a r t r a t e - c a f f e i n e  complexes i s  descr ibed. 

i n t e r a c t  w i th  c a f f e i n e  i n  t h e  s o l i d  s t a t e  w i t h  t h e  f o r m a t i o n  o f  

complexes. The m i x t u r e  ob ta ined from t h e  methanol s o l u t i o n  showed 

complexes w i t h  ergotamine t a r t r a t e - c a f f e i n e  molar  r a t i o s  o f  2:3 

and 2:15, w i t h  p o s s i b l e  complexes hav ing l:lO, 1:15 and 1:ZO molar  

The drug  was found t o  
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460 EL-RIDY, PECK,  AND K I L D S I G  

r a t i o s .  A phase diagram was cons t ruc ted .  P h y s i c a l  m i x t u r e s  o f  

t h e  same molar  r a t i o s  showed p o s s i b l e  complex f o r m a t i o n  a t  mo la r  

r a t i o s  o f  1:1, 1:l and 1:3. 

I MTRODUCTION 

Ergotamine as t h e  t a r t r a t e  s a l t  i s  w i d e l y  used i n  t h e  

1 t r e a t m e n t  o f  m ig ra ine  headache . When admin i s te red  p a r e n t e r a l l y ,  

i t  i s  e f f e c t i v e  i n  r e l i e v i n g  m i g r a i n e  b u t  o r a l  admin i -  

s t r a t i o n  o f t e n  a f f o r d s  weak and delayed The f r e q u e n t  

f a i l u r e  o f  o r a l  ergotamine the rapy  appears t o  be r e l a t e d  t o  i t s  

r e l a t i v e l y  low water  s o l u b i l i t y  (1:500) and t h e  f a c t  t h a t  i t s  

a b s o r p t i o n  f rom t h e  G.I. t r a c t  i n t o  t h e  systemic c i r c u l a t i o n  o f t e n  

i s  s low o r  impa i red  d u r i n g  a m ig ra ine  a t t a c k  4-7 . 
The use o f  c a f f e i n e  and ergotamine t a r t r a t e  i n  combinat ion 

has l o n g  been known t o  be e f f e c t i v e  i n  t h e  t rea tmen t  o f  m i g r a i n e  

headache*’’. 

l e a s t  i n  p a r t ,  t o  complex f o r m a t i o n  l e a d i n g  t o  enhanced i n t e r n a l  

a b s o r p t i o n  o f  ergotamine . The i n t e r a c t i o n  o f  c a f f e i n e  and 

ergotamine t a r t r a t e  i n  aqueous s o l u t i o n  was p r e v i o u s l y  r e p o r t e d  

I t has been p o s t u l a t e d  t h a t  c a f f e i n e  forms one o r  more mo lecu la r  

complexes wi th  ergotamine i n  aqueous s o l u t i o n s  a t  pH va lues  o f  

6.65 and 1, b u t  t h e  complex has n o t  been i s o l a t e d  

The e f f e c t i v e n e s s  o f  t h i s  combinat ion may be due, a t  

10 

10 . 

10-11 

The p r e s e n t  s tudy was undertaken t o  e v a l u a t e  t h e  p o s s i b l e  

complex format ion , i f  any, between ergotamine t a r t r a t e  and 

c a f f e i n e  i n  t h e  s o l i d  s t a t e  u s i n g  d i f f e r e n t i a l  scanning 

c a l o r i m e t r y .  
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ERGOTAMINE TARTRATE-CAFFEINE INTERACTIONS 

EX P E R I IYE NTAL 

M a t e r i a l s  

The ergotamine t a r t r a t e  was ob ta ineL  f rom Sigma Chemical 

The c a f f e i n e  was o b t a i n e d  f rom M a l l i n c k r o d t  and t h e  Company. 

abso lu te  methanol f rom J .T. Baker Chemical Company. 

1 

3 lbo 190 1 

TEMPERATURE’C 
)O 

FIGURE 1 

Thermograms of Ergotamine T a r t r a t e - C a f f e i n e  Methanol M i x t u r e s .  
C a f f e i n e  Mole F r a c t i o n s  Corresponding t o  t h e  Thermograms a r e  
as Fol lows:  1-0.0, 2-0.200, 3-0.333, 4-0.500, 5-0.667, 6-0.750, 
7-0.833. There was no Ergotamine T a r t r a t e  Peak Observed f o r  
Caf fe ine Mole F r a c t i o n s  o f  0.600, 0.882, 0.909, 0.938 and 0.952. 
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TABLE 1 

Caffeine 
Mole Fraction 

Thermodynamic Parameters for the Complex Formation 
Between Ergotamine Tartrate and Caffeine 

Ergot. Tart. Sample Peak Temp. 
Transition AH 

OC 

Cal g-l Kcal mol-l ' ;;;;;. 1 Gaff. 

Ergotamine Tartrate:Caffeine 
Molar Ratio (mole/mole) 

0.000 

0.200 

1 : 0.000 6.26 8.22 19 1 N.P." 

4.27 5.60 189 N.P. 1 : 0.250 

0.333 

0.500 

I 

2.56 3.36 188 N.P. 

1.34 1.76 180 N.P. 

m 
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ERGOTAMINE TARTRATE-CAFFEINE INTERACTIONS 463 
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FIGURE 2 

EL-RIDY, PECK, AND KILDSIG 

3 

Phase Diagrams o f  Ergotamine Tar t ra te -Caf fe ine  Methanol Mix tures 

D i  f fe ren  ti a1 Scanni ng Cal o r imet ry  

Samples conta in ing  an equ iva len t  o f  3 mg ergotamine t a r t r a t e  

were weighed and encapsulated i n  expandable a1 uminum pans w i t h  

crimped-on 1 i ds especi a1 l y  desi gned f o r  samples which e x e r t  

s i g n i f i c a n t  vapor pressure i n  the range o f  i n t e r e s t .  These 

samples were heated i n  an atmosphere o f  n i t rogen  and the thermo- 

grams were obta ined on a Perk in  Elmer DSC-1B D i f f e r e n t i a l  Scanning 

Calorimeter. The heat ing  r a t e  was 10°C min-' a t  a constant  range 
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ERGOTAMINE TARTRATE-CAFFEINE INTERACTIONS 465 

s e t t i n g  of  8 mcal sec-' and t h e  thermograms were recorded a t  a 

cons tan t  c h a r t  speed o f  one i n c h  per  minute.  The area under t h e  

curve, p r o v i d i n g  the  b a s i s  f o r  t h e  c a l c u l a t i o n  o f  the  t r a n s i t i o n  

energy was measured w i t h  a mechanical p lan imeter  (K & E ) .  

Ergotamine t a r t r a t e - c a f f e i n e  m i x t u r e s  were prepared by 

d i s s o l v i n g  d i f f e r e n t  molar  r a t i o s  o f  t h e  drug and c a f f e i n e  i n  a 

s u f f i c i e n t  volume o f  abso lu te  methanol i n  a p o r c e l i n  d ish .  The 

d i s h  was then t r a n s f e r r e d  t o  a vacuum des icca tor .  A f t e r  s o l v e n t  

evapora t ion  under vacuum, the  c o n t a i n e r  was k e p t  i n  t h e  d e s i c c a t o r  

away from any source o f  heat  and l i g h t  u n t i l  c a r r y i n g  o u t  t h e  DSC 

measurements. Phys ica l  m i x t u r e s  o f  t h e  same molar  r a t i o s  were 

a l s o  eva lua ted  by DSC. D u p l i c a t e s  o f  each DSC thermogram were 

made. 

RESULTS AND DISCUSSION 

Eleven d i f f e r e n t  molar r a t i o s  o f  ergotamine t a r t r a t e  t o  

- 

c a f f e i n e  were eva lua ted  i n  o rder  t o  o b t a i n  t h e  optimum r a t i o  f o r  

complex format ion.  The molar  r a t i o s  were 1:0.25, 1:0.50, l:l.Oy 

1:1.5y 1:2.0, 1:3.0, 1:50, 1:7.5, 1:10.0, 1:15.0 and 1:20.0. 

Blank exper iments f o r  b o t h  ergotamine t a r t r a t e  and c a f f e i n e ,  

t e s t e d  i n  t h e  same manner as t h e  mix tu res ,  were a l s o  c a r r i e d  out .  

Trace 1 o f  F i g u r e  1 represents  the  endothermic peak o f  

ergotamine t a r t r a t e ,  evaporated f rom methanol, w i t h  a maximum peak 

o f  t r a n s i t i o n  a t  19l0C immediate ly  f o l l o w e d  by  a decomposi t ion 

exotherm. The ergotamine t a r t r a t e  sample t r a n s i t i o n  energy was 

c a l c u l a t e d  t o  be 8.22 k c a l  m o l - l .  
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466 EL-RIDY, PECK, AND KILDSIG 

Traces 2-7 of Figure 1 a r e  the  thermograms of the s i x  

d i f f e r e n t  molar r a t i o s  of  ergotamine t a r t r a t e - c a f f e i n e  mixtures, 

obtained from methanol so lu t ion ,  which exh ib i t ed  s i g n i f i c a n t  

values  of hea t  of t r a n s i t i o n .  A l l  peaks d i f f e r e d  considerably 

from those of p l a in  ergotamine t a r t r a t e  o r  ca f f e ine .  The results 

presented in  Table 1 show t h a t  the t r a n s i t i o n  energy values  range 

from 5.60 kcal mol-' f o r  the 1:0.25 molar r a t i o  t o  1.02 kcal mol-' 

f o r  the 1:3.0 molar r a t i o  of  ergotamine t a r t r a t e  t o  ca f f e ine .  The 

thermogram f o r  the 1:1.5, 1:7.5, l : l O ,  and 1:20 molar r a t i o s  were 

not  presented i n  Figure 1 a s  no ergotamine t r a n s i t i o n  was observed 

f o r  these m i  xtures. 

The phase diagram i n  Figure 2 shows the hea t  of t r a n s i t i o n  

da ta  f o r  a l l  molar r a t i o s .  

endotherm a t  molar r a t i o s  of  1:1.5,  1:7.5,  l : l O ,  1:15 and 1:20 

i n d i c a t e s  the formation of  complexes of ergotamine t a r t r a t e  w i t h  

ca f f e ine .  There appears t o  be a 2:3 complex corresponding t o  the 

1:1.5 r a t i o  and a 2:15 complex corresponding t o  the 1:7.5 molar 

r a t i o .  

mole f r a c t i o n  exceeds 0.882 (Table  1) as no endotherm was observed 

a t  molar r a t i o s  of l : l O ,  1:15, and 1:20. There i s  an excess  of 

c a f f e i n e  i n  the system a t  t h i s  poin t  as the c a f f e i n e  peak appears  

a t  the 1 : l O  molar r a t i o .  

The absence of an ergotamine t a r t r a t e  

Higher order  complexes may a l s o  form when the c a f f e i n e  

The 1:15, o r  2:30, complex i s  indeed a 

mu1 t i p l e  

t a r t r a t e  

than one 

based on 

of the 2:3 and 2:15 complex. 

complexes f ind ing  t h a t  these complexes conta in ing  more 

c a f f e i n e  molecule was proposed by Anderson and Pitman 

an ana lys i  s of their phase so l  ubi 1 i t y  diagrams. 

The existence of  ergotamine 

11 
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ERGOTAMINE TARTRATE-CAFFEINE INTERACTIONS 467 

FIGURE 3 

Phase Diagram o f  Ergotamine Tar t ra te -Caf fe ine  Physical Mix tures 

The phase diagram o f  the phys ica l  mix tures shown i n  F igure  3 

a lso  i nd i ca tes  the presence o f  ergotamine t a r t r a t e - c a f f e i n e  

i n te rac t i ons .  These i n t e r a c t i o n s  d i f f e r s  from t h a t  o f  the 

mixtures obta ined from methanol so lu t ion .  Table 2 g ives the  

values o f  the heat o f  t r a n s i t i o n  o f  ergotamine t a r t r a t e - c a f f e i n e  

phys ica l  mix tures o f  the  same molar r a t i o s  considered f o r  the 

"methanol mixtures." A s i g n i f i c a n t  d i f f e rence  was observed 

between the  heat o f  t r a n s i t i o n  values f o r  the  "methanol mixtures' '  

and those f o r  the phys ica l  mixtures. There were no zero values 
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f o r  t h e  hea t  o f  t r a n s i t i o n  o f  ergotamine t a r t r a t e - c a f f e i n e  

p h y s i c a l  m i x t u r e s  compared t o  f i v e  zero va lues f o r  t h e  d i f f e r e n t  

molar  r a t i o s  ob ta ined  f rom methanol s o l u t i o n .  I n  a d d i t i o n ,  a l l  o f  

t h e  ergotamine t a r t r a t e  sample t r a n s i t i o n  va lues f o r  t h e  d i f f e r e n t  

molar  r a t i o s  o f  t h e  p h y s i c a l  m i x t u r e s  were h i g h e r  than  those o f  

t h e  corresponding r a t i o s  o f  t h e  "methanol mix tures."  

i n d i c a t i o n  i n  t h i s  phase diagram t h a t  complexat ion may be 

o c c u r r i n g  a t  molar  r a t i o s  o f  1:l and 1:3. 

t h a t  ob ta ined  f o r  t h e  "methanol m ix tu res . "  It should be no ted  

t h a t  t h e  endotherm o f  ergotamine t a r t r a t e  f o l l o w i n g  methanol 

evapora t i on  d i f f e r e d  f rom t h a t  o f  o r i g i n a l  m a t e r i a l  . 
o f  Tables 1 and 2 shows a decreased t r a n s i t i o n  temperature (191' 

vs  198.5') and an i nc reased  hea t  o f  t r a n s i t i o n  (8.22 vs 6.16 

K c a l h o l e )  f o r  t h e  ergotamine t a r t r a t e  f rom methanol. It has been 

p r e v i o u s l y  r e p o r t e d  t h a t  ergotamine t a r t r a t e  may c o n t a i n  2 

molecules o f  methanol o f  c r y s t a l 1  i z a t i o n 1 4 .  

methanol i n  t h e  s t r u c t u r e  may enhance t h e  a b i l i t y  o f  ergotamine 

t r a t r a t e  t o  complex w i t h  c a f f e i n e .  It i s  apparent,  however, t h a t  

complexat ion i s  o c c u r r i n g  between c a f f e i n e  and b o t h  forms o f  

ergotami ne t a r t r a t e  and t h a t  complexes c o n t a i n i n g  more than one 

mole o f  c a f f e i n e  a re  formed. 

There i s  an 

T h i s  da ta  d i f f e r s  f rom 

A comparison 

- - 

The i n c l u s i o n  o f  
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