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DEGRADATION CHARACTERISTICS OF TWO TETRAHYDROISOQUINOLINES 
AT ROOM AND BODY TEMPERATURES: HPLC DETERMINATION 

WITH ELECTROCHEbiICAL DETECTION 

R.D. Myers, J . L .  Garrison and E.C. Critcher 
Center for Alcohol Studies 

and 
Departments of Psychiatry and Pharmacology 

University of North Carolina School of Medicine 
Chapel Hill, North Carolina 27514 

ABSTRACT 

Reversed-phase high-pressure liquid chromatography (HPLC) was 
utilized to determine the stability of tetrahydropapaveroline 
(THP) and salsolinol at two ambient temperatures and over varying 
time intervals of up to 27 hr. Although ascorbate, an antioxi- 
dant, was shown to retard the temporally contingent degradation 
of THP at both 22OC and 37'C, the breakdown of the tetrahydrni- 
soquinoline product was more pronounced at 37'C. Salsolinol was 
virtually stable under all conditions. The formation of detect- 
able by-products of THP was demonstrated by the presence of sec- 
ondary peaks in the THP-water assay which were strikingly absent 
in the THP-ascorbate aliquots. Finally, the HPLC profiles of 
five THP samples obtained from four different sources revealed 
the presence of similar secondary peaks which varied considerably 
in shape and peak height from one sample to another. 
cations of this lack of uniformity of THP for pharmacological 
studies of addictive processes is discussed. 

The impli- 

INTRODUCTION 

Certain of the amine-aldehyde condensation products, such as 
a tetrahydroisoquinoline (TIQ), exert potent pharmacological ef- 
fects on the central nervous system (1). The catecholamine- 

aldehyde products can possess an addictive liability as evidenced 
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344 MYERS, GARRISON, AND CRITCHER 

frolo t h e i r  pharmacologicaL e f f e c t s  a f t e r  d i r e c t  a d m i n i s t r a t i o n  

i n t o  t h e  b r a i n  ( 2 ,  3 ) .  Given s y s t e m i c a l l y ,  t h e y  o f t e n  e x e r t  

o p i a t e - l i k e  e f f e c t s  and a n a l g e s i a  ( 4 ) .  

Because of t h e  r e l a t i v e l y  s h o r t  h a l f - l i f e  of t h e  dopamine- 

dopaldehyde m e t a b o l i t e ,  t e t rahydropapavero l ine  (THP) ( 5 ) ,  a num- 

ber  of ques t ions  a r i se  i n  t e r m s  of t h e  p o t e n t i a l  i n s t a b i l i t y  of 

t h i s  class of compounds under v a r i o u s  exper imenta l  c o n d i t i o n s .  

O f  paramount importance i s  t h e  i s s u e  of whether a TIQ degrades  

a t  a more r a p i d  rate a t  body tempera ture  of- 37'C t h a n  when t h e  

compound i s  maintained a t  a l a b o r a t o r y  temperature  of 22°C.  

Another q u e s t i o n  centers on t h e  n a t u r e  of t h e  formation of sec- 

ondary by-products d u r i n g  t h e  breakdown of  t h e  a l k a l o i d .  F ina l -  

l y ,  does a n  a n t i o x i d a n t  such as a s c o r b a t e ,  which a l s o  s e r v e s  t o  

lower pH, a l s o  a l t e r  t h e  c h a r a c t e r i s t i c s  of t h e  d e g r a d a t i o n  of 

a TIQ amine-aldehyde product?  

I n  t h e  p r e s e n t  experiments ,  HPLC procedures  w i t h  e l e c t r o -  

chemical  d e t e c t i o n  (6)  were u t i l i z e d  t o  examine t h e  ra te  of d e -  

g r a d a t i o n  of THP and s a l s o l i n o l  over  t i m e  a t  two c o n d i t i o n s  of 

ambie3t temperature .  The e f f e c t  of t h e  presence  of a s c o r b a t e  

i n  t h e  t es t  s o l u t i o n s  w a s  a l s o  t e s t e d .  

MATERIALS AND METHODS 

Ins t rumenta t ion  

The HPLC system w a s  comprised of a s i n g l e  pump (Al tex  Model 

110, Solvent  Meter ing Pump), w i t h  a p u l s e  damper ( B i o a n a l y t i c a l  

Systems [BAS]) ,  and a s y r i n g e  l o a d i n g  sample i n j e c t o r  (Rheodyne 

Model 7120) .  A C18 reversed-phase column (3.9 mm i . d ,  x 300 mm 

VBondapak, Waters) p r o t e c t e d  by a pre-column f i l t e r  (Rheodyne) 

w a s  f i t t e d  i n  t h e  system. A g l a s s y  carbon e l e c t r o c h e m i c a l  c e l l ,  

TL-8A t h i n  l a y e r  t r a n s d u c e r  (BAS), w a s  coupled w i t h  a model LC4 

amperomctric d e t e c t o r  (BAS). The e l e c t r o d e  p o t e n t i a l  w a s  set a t  

+0.70 V us ing  a s i l v e r - s i l v e r  c h l o r i d e  e l e c t r o d e  as a r e f e r e n c e .  

Detec tor  s e n s i t i v i t y  w a s  set a t  1 0  nA/V. A s t r i p  c h a r t  r e c o r d e r  

( F i s h e r  Recorda l l  S e r i e s  5000) connected i n  p a r a l l e l  w i t h  a 
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STABILITY OF THP AND SALSOLINOL 345 

p l o t t i n g  i n t e g r a t o r  (Hewlett Packard Model 33908) completed t h e  

system. 

Mobile Phases  

The mobile  phase f o r  t h e  THP a s s a y  c o n s i s t e d  of 0.15 ?I a c e t i c  

a c i d ,  14% v / v  methanol, and 0.25 mM h e p t a n e s u l f o n i c  a c i d  sodium 

sa l t  (HSA) used as an ion-pa i r ing  agent .  For s a l s o l i n o l ,  t h e  

mobile  phase conta ined  0.15 M a c & t i c  a c i d  and 2.5;; v / v  a c e t o n i -  

t r i le .  The pH of both  phases  w a s  a d j u s t e d  t o  3.0-3.2 as n e c e s s a r y  

w i t h  d i l u t e  sodium hydroxide. Each mobile  phase w a s  passed under 

vacuum through a double  f i l t e r  (0 .3  pin Gelman A/E g l a s s  f i b e r  

f i l t e r  and 2-3 I.rm Whatman #5 f i l t e r )  and degassed by s o n i c a t i o n .  

A f l o w  rate of 1.5 ml/min w a s  maintained i n  both  a s s a y s .  

Sample P r e p a r a t i o n  

The THP and s a l s o l i n o l  a s s a y s  were d i v i d e d  i n t o  two p a r t s  

which were subjec ted  t o  t h e  same c o n d i t i o n s .  One sample l i n e  w a s  

d i s s o l v e d  i n  d i l u t e  a s c o r b i c  a c i d  (0.1 mg/ml), an a n t i - o x i d i z i n g  

a g e n t ,  whi le  t h e  o t h e r  w a s  d i s s o l v e d  i n  g l a s s  d i s t i l l e d  water. 

A l l  samples were r e a d i l y  s o l u b i l i z e d  w i t h  s o n i c a t i o n .  An i n i t i a l  

sample c o n c e n t r a t i o n  w a s  chosen t o  maximize peak h e i g h t  whi le  re- 

maining on-scale  on t h e  r e c o r d e r  t o  a l l o w  a c c u r a t e  q u a n t i t a t i o n .  

A f t e r  t h e  column had been condi t ioned  w i t h  mobile  phase and t h e  

d e t e c t o r  a c t i v a t e d  f o r  20-30 min, s a m p l e s  were i n j e c t e d  o n t o  t h e  

column i n  10 p 1  volumes d e l i v e r e d  from a 50 p 1  Hamilton s y r i n g e  

f l u s h e d  r e p e a t e d l y  wi th  w a t e r .  The c o n c e n t r a t i o n s  used cons is -  

t e n t l y  f o r  t h e  d e g r a d a t i o n  a n a l y s i s  of THP and s a l s o l i n o l  were 

50 ng/lO p 1  and 40 ng/lO p 1 ,  r e s p e c t i v e l y .  

HPLC S e p a r a t i o n  

Once p r o p e r l y  d i l u t e d ,  the f r e s h l y  prepared samples w e r e  in-  

j e c t e d  d i r e c t l y  o n t o  t h e  HPLC column. A f t e r  t h r e e  a l i q u o t s  of 

each compound were d i s s o l v e d  i n  d i s t i l l e d  w a t e r  o r  a s c o r b i c  a c i d ,  

they  w e r e  k e p t  a t  room tempera ture ,  placed i n  a water b a t h  main- 

t a i n e d  a t  37OC o r  kept  i n  a -2OOC f r e e z e r .  A l i q u o t s  of THP kept  

a t  a room temperature  of 22'C or  a t  37'C w e r e  t e s t e d  a t  2-4, 10- 
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3 4 6  MYERS, GARRISON, AND CRITCHER 

1 2 ,  o r  24-27 h r s  fo l lowing  t h e  i n i t i a l  assay .  Al iquots  of sa l so-  

l i n o l  kept  a t  room temperature  were t e s t e d  a t  4 and 24 h r s ,  

whereas water b a t h  samples he ld  a t  37°C w e r e  i n j e c t e d  a f t e r  1, 4 

and 24 h r s .  Samples of b o t h  THP and s a l s o l i n o l  kept  a t  -20°C 

were t e s t e d  a f t e r  a 24 hr  i n t e r v a l .  For t h e  a n a l y s i s  of d i f f e r e n t  

samples of THP obta ined  from d i f f e r e n t  s o u r c e s ,  a f r e s h l y  pre- 

pared q u a n t i t y  of 1 . 0  pg/lO.O 1.11 THP w a s  i n j e c t e d  onto  t h e  column 

wi thout  any i n t e r v e n i n g  per iod  of t i m e .  

Glassware used i n  p r e p a r a t i o n  of samples was washed and 

r i n s e d ,  sonica ted  i n  chromic a c i d ,  then  r i n s e d  f i v e  t i m e s  i n  de- 

ion ized  water and a g a i n  i n  d i s t i l l e d  water. A f t e r  t h e  g lassware  

w a s  d r a i n e d ,  i t  was subsequent ly  baked i n  an oven f o r  two h r s  a t  

185°C. 

c l e a n i n g  s o l u t i o n  a t  t h e  end of each day. The chromatograph in-  

j e c t o r  p o r t  w a s  f lushed  w i t h  800 p 1  d i s t i l l e d  water p r i o r  t o  

sample i n j e c t i o n s .  These p r e c a u t i o n s  were t a k e n  t o  reduce  t h e  

p o s s i b i l i t y  of contaminat ion of t h e  o r i g i n a l  samples i n  a n  a c t u a l  

i n j e c t  ion .  

Syringes were a l s o  f l u s h e d  w i t h  d i l u t e  chromic a c i d  

Compounds were weighed a c c u r a t e l y  t o  lom3 mg u s i n g  a Cahn 

21 Automatic Elec t roba lance .  D i l u t i o n s  were made i n  r a t i o s  no 

g r e a t e r  than 1:9 w i t h  graduated p i p e t s .  

Reagents 

L-ascorbic a c i d ,  sodium hydroxide and methanol were obta ined  

from F i s h e r  S c i e n t i f i c ,  t h e  l a t t e r  two compounds being c e r t i f i e d  

as HPLC grade. Glacial  a c e t i c  a c i d  w a s  purchased from Mall inc-  

krodt  and t h e  1-Heptanesulfonic  a c i d  sodium s a l t  w a s  ob ta ined  

from Eastman Kodak. Samples of THP were k i n d l y  provided by 

Hoffmann-LaRoche ( R 0 6 - 1 6 7 3 ) , R .  D e i t r i c h  of t h e  U n i v e r s i t y  of 

Colorado, 2. A m i t  of Concordia U n i v e r s i t y  and Burroughs Wellcome. 

S a l s o l i n o l  w a s  ob ta ined  from Aldr ich  Chemical Company. 

RESULTS 

The marked degrada t ion  of THP i n  water as determined by t h e  

IIPLC w i t h  EC d e t e c t i o n  i s  shown i n  Fig.  1 A .  The s o l v e n t  peak, 
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STABILITY OF THP AND SALSOLINOL 34 7 

370 c ROOM TEMP 

W 

24 10 2 6 27 12 4 0 
HOURS HOURS 

FIGURE 1: Degradation of THP i n  (A) water and (B)  a s c o r b a t e  a t  
room temperature  and a t  37'C dur ing  2 7  and 24  h r s ,  
r e s p e c t i v e l y  . 

w i t h  tR = 3 . 1  min, w a s  followed by t h e  THP peak, 

A second peak w i t h  tR = 9.8 min became e v i d e n t  a f t e r  f o u r  hours  

a t  both t h e  ambient temperatures  of 22°C and 37'C, and t h i s  

peak increased  over  t h e  d u r a t i o n  of t h i s  experiment. A s  t h e  sec-  

ond peak increased  i n  s i z e ,  a concomitant d e c l i n e  i n  t h e  h e i g h t  

of t h e  a c t u a l  THP peak a l s o  occurred.  Though t h i s  t r e n d  w a s  

apparent  both a t  room temperature  and a t  3 7 " C ,  t h e  h igher  ambient 

temperature  caused a f a r  g r e a t e r  ra te  of THP's d e g r a d a t i o n  w i t h  

= 8 . 2  min. 
tR 
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348 MYERS, GARRISON, AND CRITCHER 

i n c r e a s e  i n  t h i s  i s o q u i n o l i n e ' s  by-products d u r i n g  t h e  comparable 

per iod of  time. 

F igure  1 B  i l l u s t r a t e s  t h e  decomposi t ion of THP which was d i s -  

solved i n  a s c o r b i c  a c i d  ( 0 . 1  mg/ml). The a s c o r b a t e  peak i t s e l f  

w a s  e l u t e d  a t  2.0 min and t h e  THP peak a g a i n  fol lowed t h e r e a f t e r  

a t  8 . 2  min. Thus, t h e  r e t e n t i o n  t i m e  of THP was u n a f f e c t e d  by 

t h e  presence of a s c o r b a t e .  F u r t h e r ,  i n  t h e  test s o l u t i o n  no 

c l e a r - c u t  degrada t ion  of THP i n  t h e  a s c o r b a t e  medium occurred a t  

a room temperature  of 22°C. A s m a l l  secondary peak w a s  observed 

a t  f o u r  hours  and a t  27 hours ,  b u t  t h e  THP peak appeared t o  be 

unaf fec ted .  However, a t  37 'C evidence  of d e g r a d a t i o n  became 

apparent  10 h r s  fo l lowing  p r e p a r a t i o n  of t h e  sample. A s l i g h t  

shoulder  w a s  r e g i s t e r e d  a f t e r  two h r s  and s tayed  r e l a t i v e l y  con- 

s t a n t  throughout t h e  remainder of t h e  assay  p e r i o d .  I n  c o n t r a s t  

t o  t h e  secondary peaks which dominated t h e  THP chromatograms 

shown i n  Fig.  l A ,  no evidence of a d d i t i o n a l  by-products w a s  noted.  

A s l i g h t  degrada t ion  of t h e  a s c o r b a t e  peak w a s  observed a t  room 

temperature;  however, i t s  decomposi t ion a f t e r  10 h r s  i n  a 3 7 O C  

environment w a s  very  pronounced. 

In t h e  second phase of t h i s  s tudy ,  w e  ob ta ined  chromatograms 

of f i v e  d i f f e r e n t  THP samples i n  order  t o  compare t h e i r  chemical  

p r o f i l e s .  The r e s u l t s  of t h i s  a n a l y s i s  are shown i n  F ig .  2. The 

so lvent  e l u t e d  a t  2.0 min followed by t h e  pr imary THP peak a t  

8 .0  min. Although each of t h e  samples possessed f o u r  secondary 

peaks fo l lowing  t h e  primary THP peak, l a r g e  v a r i a t i o n s  i n  t h e  

p r o f i l e  of t h e s e  peaks as w e l l  as o v e r a l l  peak h e i g h t  w e r e  noted.  

The sample obtained from Deitrich e x h i b i t e d  the g r e a t e s t  amount 

of secondary a c t i v i t y  whereas t h a t  suppl ied  by A m i t  showed only 

minimal a f te r -peaks .  

Table  1 p r e s e n t s  a composite comparison of t h e  average  per- 

c e n t  degrada t ion  of THP and s a l s o l i n o l  under t h e  v a r i o u s  t es t  con- 

d i t i o n s .  Each c a l c u l a t e d  v a l u e  i s  based on two-four r e p l i c a t i o n s  

of t h e  assay  f o r  t h e  g iven  test c o n d i t i o n .  

s a l s o l i n o l  r e t a i n e d  i t s  s t a b i l i t y  even a t  t h e  37'C temperature  

and a f t e r  a 24-hr per iod .  

A s  shown i n  t h e  Table ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



STABILITY OF THP AND SALSOLINOL 349 

AMlT BURR- MlTRlCH HOFFMANN- 
WELL (81) LA ROCHE 

I Oug/lO OuI THP 

FIGURE 2 :  P r o f i l e s  of f i v e  f r e s h l y  p repa red  THP samples  i n  a 
1 pg q u a n t i t y :  two samples  from Hoffmann-LaRoche 
(R06 1 6 7 3 )  and one sample e a c h  from D e i t r i c h ,  A m i t  
and Burroughs-Wellcome (Burr-Well) as d e s c r i b e d  i n  
text .  

TABLE 1 

P e r c e n t  Degrada t ion  Over T i m e  of Te t r ahydropapave ro l ine  and 
S a l s o l i n o l  a t  37'C and 22°C i n  H 2 0  and Ascorba te  V e h i c l e s  

THP 

37 O C  

- 

Elapsed T i m e  Asc 
2 h r s  22.5 5 . 6  

10 h r s  46.8 30. 
24 h r s  78.3  48.7  

2 2 O C  

S a l s o l i n o l  

37 O C  

Elapsed Time & 
1 h r  0.0 0.0 
4 h r s  1.5 0.0 

24 h r s  3.2 0.0 

22oc  

Elapsed T i m e  Asc 
4 h r s  4.0 0.8 

1 2  h r s  16.2 1 3 . 1  
27 h r s  45.0  2 6 . 1  

Elapsed Time & 

4 h r s  0 .0  0 .0  
24 h r s  2.8 0.0 
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350 MYERS, GARRISON, AND CRITCHER 

DISCUSSION 

T I Q s  are p o t e n t  pharmacological  a g e n t s  which can  c a u s e  ana l -  

g e s i a  ( 4 )  and a v a r i e t y  of p h y s i o l o g i c a l  e f f e c t s  on p u l s e  and 

r e s p i r a t o r y  r a t e s ,  blood p r e s s u r e  and smooth muscle t e n s i o n  ( 1 , 7 ) .  

More r e c e n t l y ,  c e r t a i n  of t h e  TIQs  have been impl ica ted  i n  t h e  

symptoms of p h y s i c a l  dependence on a l c o h o l  (8) as w e l l  as t h e  

development of abnormal p r e f e r e n c e  f o r  a l c o h o l  ( 3 ) .  Recent ly ,  

s a l s o l i n o l  has  been found i n  CSF and b r a i n  subs tance  of t h e  human 

a l c o h o l i c  (9) as w e l l  as  r a t  t r e a t e d  w i t h  a l c o h o l  (10) .  Because 

of t h e  p o t e n t i a l  c l i n i c a l  importance of t h e s e  subs tances ,  i t  i s  

necessary  t h a t  t h e  physico-chemical p r o p e r t i e s  and s t a b i l i t y  of 

TIQs  under l a b o r a t o r y  c o n d i t i o n s  are understood i f  t h e y  are t o  be  

s t u d i e d  exper imenta l ly .  

I n  our experiments ,  we found t h a t  tempera ture  i s  a c r i t i c a l  

f a c t o r  i n  t h e  s t a b i l i t y  of THP i n  s o l u t i o n .  Not iceable  degrada- 

t i o n  w i t h  by-product formation occurs  a t  37OC i n  a sample unpro- 

t e c t e d  by an ant i -oxidant .  Therefore ,  i t  i s  suggested t h a t  a 

mini-pump embedded under t h e  s k i n  of a n  exper imenta l  animal  cannot  

be a p p r o p r i a t e l y  used f o r  t h e  chronic  a d m i n i s t r a t i o n  of t h i s  TIQ 

compound. S o l u t i o n s  that are used f o r  repea ted  i n j e c t i o n s  could 

be maintained a t  room tempera ture ,  bu t  they  n e c e s s a r i l y  would have 

t o  be changed every 2 4 ,  i f  n o t  1 2  h r s ,  t o  e n s u r e  t h e  s t a b i l i t y  of 

THP . 
F u r t h e r ,  o u r  r e s u l t s  i n d i c a t e  t h a t  a s c o r b a t e  does h e l p  t o  

p r o t e c t  t h e  compounds from degrada t ion  a t  b o t h  ambient and body 

temperatures .  

v e n t s  decomposition of t h e  a l k a l o i d s  i s  essent ia l  t o  maximize 

s t a b i l i t y .  Even though a s c o r b a t e  does n o t  a l t e r  t h e  r e t e n t i o n  

time o r  HPLC p r o f i l e  of THP’s a c t i v i t y ,  c e r t a i n  q u e s t i o n s  must b e  

r a i s e d ,  however, concerning t h e  pharmacological  e f f e c t s  of ascor-  

b a t e  i t s e l f .  For example, does a s c o r b i c  a c i d  i n f l u e n c e  the phar- 

macological  a c t i v i t y  of a TIQ o r  does i t  e x e r t  i t s  own pharmacol- 

o g i c a l  a c t i o n  on a d d i c t i v e  behavior?  

The u s e  of a s c o r b a t e  o r  a s imilar  a g e n t  which pre- 
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The d i f fe rences  observed among var ious  samples of THP ava i l -  

a b l e  t o  the  inves t iga to r s  imply t h a t  a "standard" THP does not  

r e a l l y  e x i s t .  The secondary peaks presumably represent  degra- 

d a t i v e  by-products which i n  themselves could possibly a l t e r  o r  

augment any of t he  pharmacological e f f e c t s  of THP. I n  any case ,  

t h i s  d i f f e rence  i n  sample pu r i ty  would lead t o  an explanation of 

t he  d iscrepancies  observed i n  pharmacological s tud ie s  of these  

compounds (11,12). Although some of t he  secondary peaks could be 

due t o  0-methylated products of THP, a s  i d e n t i f i e d  by Meyerson 

-- e t  a l .  (13), t o  what ex ten t  each of these  substances may be a c t i v e  

b io log ica l ly  i s  not  present ly  known. 
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