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AN IMPROVED METHOD FOR THE DETERMINATION OF RESERPINE 
I N  PLASMA USING L I Q U I D  CHROMATOGiWHY WITH FLUORESCENCE 

DETP’CT ION 

Raymond F. Suckow’, Thomas B. Cooper’,‘ and Gregory M. Asnis‘ 

’Analyt ical  Psychopharmacology Laboratory 
Rockland Research I n s t i t u t e  
Orangeburg, N e w  York 10962 

’New York S t a t e  P s y c h i a t r i c  I n s t i t u t e ,  Columbia Un ive r s i ty  
N e w  York, N e w  York 10032 

A l i q u i d  chromatographic method coupled with f luo rescence  
d e t e c t i o n  w a s  developed t o  measure plasma r e s e r p i n e  concentra- 
t i o n s .  Af t e r  e x t r a c t i o n  from 3 m l  of plasma, t h e  r e s e r p i n e  and 
i n t e r n a l  s t anda rd  (methyl-18-triethoxy benzoyl r e s e r p a t e )  resi- 
dues were ox id ized  t o  t h e i r  r e s p e c t i v e  f luorophors  by vanadium 
pentoxide and chromatographed on a reversed phase t r i m e t h y l s i l y l  
column. These compounds were de tec t ed  a t  e x c i t a t i o n  wave l eng th  
460 nm and analyzed a t  570 nm. The minimum q u a n t i f i a b l e  l e v e l  was 
ca 0.3 ng/ml and t h e  abso lu te  recovery was determined t o  be 
between 78-83%. The c o e f f i c i e n t  of v a r i a t i o n  w a s  less than 9% f o r  
day-to-day and wit‘nin run analyses .  This  method is s u i t a b l e  f o r  
pharmacokinetic s t u d i e s  of r e se rp ine  i n  man. 

INTRODUCTION 

U n t i l  r e c e n t l y ,  t h e  measurement of r e s e r p i n e  and i t s  

me tabo l i t e s  i n  plasma has  been d i f f i c u l t  because of t h e  unavail-  

a b i l i t y  of s u f f i c i e n t l y  s e n s i t i v e  and s p e c i f i c  methods of 
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1112 SUCKOW, COOPER, AND A S N I S  

ana lys i s .  A review of t h e  a n a l y t i c a l  methods €or r e s e r p i n e  has 

been r epor t ed  (1). I n  terms of s p e c i f i c i t y  and s e n s i t i v i t y ,  t w o  

methods appear t o  be most u s e f u l  f o r  determining r e s e r p i n e  i n  

plasma, e s p e c j a l l y  i n  pharrnacokirietic s t u d i e s .  T r i p p  e t  a l .  ( 2 )  

developed a very serisitive procedure f o r  r e se rp ine  i n  plasma bas- 

ed upori t h in - l aye r  chromatography followed by development o t  a 

fluorophor w i t h  acet ic  a c i d  arid scariried w i t h  a densi tometer .  

E r ro r s  were reduced OY the a d d i t i o n  of an iri terrial  s tandard.  The 

kriomi metabo l i t e s  of r e se rp ine  d i d  riot iritertere. A disadvantage 

o t  this method i s  the  lengthy development t i m e  (50 mins.), expo- 

s u r e  t o  a c e t i c  a c i d  vapors (1.5 hours) and t o t a l  development t i m e  

of the f luorophor  (18-24 hours). In another  method, Sam ( 3 )  used 

high pertormarice l i q u i d  chromatography w i t h  fluorescerice detec- 

ti  on t o  achieve a s e n s i t i v e  procedure f o r  r e se rp ine  i r i  equine 

plasma. T h i s  method employs the precolurnri d e r i v i t i z a t i o n  of 

r e se rp ine  i n t o  a highly t iuorescer i t  oxidized d e r i v a t i v e  developed 

by Urbariyi and S t o v e r  ( 4 ) .  Although this method is s e r i s i t i v e  arid 

r ap id ,  i t  lacked an iri terrial  s t anda rd  p ro toco l  which wouid elimi- 

na t e  q u a n t i t a t i v e  e x t r a c t i o n  aud volume c o r r e c t i o n  t a c t o r s ,  and 

p e r h p s  improved o v e r a l l  p rec i s ion .  

Our l abo ra to ry  has r ecen t ly  been involved i n  the  a n a l y s i s  of 

r e se rp ine  i r i  plasma during a s p e c i k i c  t i m e  per iod of i t s  pharma- 

cok ine t i c  p r o t i i e  a s  p a r t  of a rieuroeridocrine study. 

In 1981 one o t  us (QIA) r epor t ed  t h a t  0.5 mg reserpirie given 

in t r amuscu la r ly  caused a marked elevat ior i  of plasma p ro iac t i r i  i n  
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RESERPINE IN PLASMA 1113 

normal human maie volunteers. This elevatioii  was sigriif icarit ly 

la rger  than w h e n  the same group was  chalierlged w i t h  0.5 mg halo- 

per idol  ( a  potent neurolept ic  drug) ( 5 ) .  A s imi la r  observation 

had been made i n  chronic schizophrenic pa t i en t s  by Meltzer ( 6 ) .  

Further work a t  t h i s  i n s t i t u t e  has demonstrated t h a t  t he  prolac- 

t i n  response t o  0.5 mg reserpine i s  markedly d i f f e ren t  i n  normal 

volunteers when compared t o  matched drug f r e e  schizophrenics (7). 

Clearly of i n t e r e s t  is  whether t h i s  response difference is due t o  

a phar;nacokinetic or pharrnacodynamic e f fec t .  This prompted us  t o  

combine the  m e r i t s  of the  above two methods i.e. using a l i qu id  

chromatographic method with a rapid pre-column de r iv i t i za t ion  

react ion and the  use of an in t e rna l  standard t h a t  is chemically 

r e l a t ed  t o  reserpine in to  a simple rapid,  s ens i t i ve  and spec i f i c  

procedure which can be used t o  process a large number of plasma 

samples on a da i ly  basis.  Although the  method was developed 

spec i f i ca l ly  f o r  t h i s  purpose it has much wider appl icat ion i n  

neuroendocrinology and neuropharmacology. 

MATERIALS 

Reagents : 

Acetoni t r i le  ( W  grade) and m e t h y l - e - b u t y l  e ther  were ob- 

ta ined  from Burdick and Jackson Laboratories (Muskegon , M I  1.  n- 

Heptane (spectraanalyzed grade) methanol ( "HPLC" grade) w e r e  

obtained from Fisher S c i e n t i f i c  Co. (Fairlawn, NJ). Isoamyl alco- 

hol (Sigma Chemical Co. , St.  Louis, MO) , sodium heptane sulfonate  
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1114 SUCKOW, COOPER, AND ASNIS 

(Eastmnan Kodak Co., Rochester, NY) and triethylamine (Aldrich 

Chemical Co. , Milwaukee, WI) were used without further purifica- 

tion. Reagent grade acetic acid, sodium acetate, phosphoric 

acid, vanadium pentoxide were obtained from Fisher Scientific 

Co. (Fairlawn, NJ). Distilled water was passed through a water 

purification system before use (Milli-Q, Millipore Corp., 

Bedford, MA). 

Reserpine, methyl-18-triethoxybenzoylreserpate, reserpic 

acid, syringomethylreserpate and methylreserpate were all kindly 

supplied by Dr. S.L .  Tripp, Ciba-Geigy Corp. (Ardsley, NY). 

Standards: 

Stock solutions of 1 mg/ml of reserpine and methyl-18-tri- 

ethylbenzoylreserpate (TEBR) were prepared in methanol and stored 

refrigerated. Working standards were prepared in 0.01 N HC1 in 

concentrations of 1 ng/ul and 0.1 ny/ul. Stock solutions of 1 

incJ/inl of reserpic acid, syringomethylreserpate and methylreser- 

pate were prepared in methanol and further diluted to 1 ng/ul and 

0.1 ng/d in 0.01 N HC1. 

Instrumentation: 

Chrotnatography was performed with a Model 6000A solvent 

delivery system, and a Model U6K manual injector or WISP 710A 

automatic injector (Waters Associates, Milford MA). The column 

was 4.6 mm i.d. x 25  cm packed with 5 u particle size trimethyl- 

silyl material (LC-1, Supelco, Relafonte, PA). A Model 204 Fluor- 

esence spectrophotometer with an accessary flow cell (Perkin- 
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RESERPINE I N  PLASMA 1115 

E l m e r ,  Norwalk, CT) w a s  used t o  d e t e c t  t h e  f luorophors  and t h e  

response w a s  recorded on an Omniscribe s t r i p - c h a r t  recorder  a t  a 

1 0  mv input  (Houston Instruments,  Austin,  T X ) .  

METHODS 

Sample Extract ion:  

To t h r e e  (3.0 m l s )  of plasma, 45 u l  (4.5 ng) of i n t e r n a l  

s tandard (methyl-18-triethoxybenzoyl r e s e r p a t e ) ,  1 .0  ml carbonate 

buf fer  (0.6 M I  pH 9.5) and 1 0  i n l s  of 1.5% (v/v)  isoamyl a lcohol  

i n  n-heptane were added. The mixture was shaken f o r  10  minutes 

and cent r i fuged  f o r  1 0  minutes. The organic  layer  w a s  then t rans-  

f e r r e d  t o  15 ml-tapered c e n t r i f u g e  tube containing l.% m l  0 .1  N 

HC1. Af te r  shaking and c e n t r i f u g i n g  f o r  1 0  minutes, t h e  t o p  l a y e r  

was a s p i r a t e d  and t h e  aqueous layer  t r a n s f e r r e d  t o  a 3 ml t apered  

g l a s s  stoppered minicentr i fuge tube  ( f i n e  bore c a p i l l a r y ) .  The 

conten ts  were made a l k a l i n e  with 0.5 m l  carbonate b u f f e r  (0.6 M ,  

p H  9.5) and e x t r a c t e d  with 0.5 m l  of methyl-tert-butyl e ther .  

A f t e r  mixing and c e n t r i f u g i n g  fo r  5 minutes, t h e  lower l a y e r  w a s  

d iscarded and t h e  e ther  l a y e r  t r a n s f e r r e d  t o  s m a l l  1 . 0  m l  v i a l s  

o r  t o  "low volume i n s e r t s "  i f  automatic sampling was desired.  

Af te r  evaporat ion to dryness i n  a vacuum concentrator  (Model 

SVC-100 M Speed-Vac concentrator ,  Savant Instruments,  Hicksvi l le ,  

NY) , t h e  res idue  was red isso lved  and reac ted  a t  ambient tempera- 

t u r e  f o r  a minimum o f  1 0  minutes with 40 u l  of a 1 i n  1 0  mixture 
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1116 SIJCKOW, COOPER, AND ASNIS 

of a sa tura ted  so lu t ion  of vanadium pentoxide in  methanol. The 

contents were then in jec ted  on column. 

Chromatographic conditions:  

The mobile phase consis ted of 50% ace ta t e  buffer  ( 0 . 1  M, p H  

4 .2 )  and 50% a c e t o n i t r i l e  with addi t ion of 5 mM heptane sulfonate  

and 0 . 0 1  M tr iethylamine. The flow r a t e  w a s  1.6 mL/min and tempe- 

r a tu re  ambient. The e f f luen t  was monitored v i a  the  Model 204 

spectrof luorimeter ,  and exc i ta t ion  and emission wavelengths w e r e  

390 nM and 480 nM, respect ively.  

Quantitation: 

The peak height ra t iosof  reserpine t o  the in t e rna l  standard 

were p lo t t ed  aga ins t  concentration. A l e a s t  square l i n e a r  

regression analysis  of these data were used t o  ca lcu la te  the 

parameters slope,  x- intercept ,  cor re la t ion  coe f f i c i en t ,  and 

standard e r ror .  

RESULTS AND DISCUSSION 

Reserpine was extracted from 3 m l  of plasma, oxidized t o  a 

highly f luorescent  der iva t ive  and chromatographed using a revers- 

ed phase ion paired system. The use of the  in t e rna l  standard 

(methyl-18-triethoxybenzoyl reserpa te)  which undergoes ex t rac t ion  

and der iva t iza t ion  s imi la r  t o  t h a t  of reserpine,  is idea l  s ince  

it e l u t e s  su f f i c i en t ly  f a r  away from reserpine a s  w e l l  as its 

major metabolites. The chroinatography is  rapid enough t o  permit a 

la rge  number of samples t o  be analyzed in  a s ing le  working day 
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RESERPINE I N  PLASMA 1117 
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Figure lA Sample chromatogram of a 3 m l  spiked plasma ex t r ac t  
containing 1.0 ng/ml reserpine.  Ent i re  (40 u l )  
recons t i tu ted  ex t r ac t  was injected.  Chromatographic 
conditions as described i n  tex t .  

Figure 1B Sample chromatogram of a blank 3 m l  plasma ex t r ac t .  
Ent i re  recons t i tu ted  ex t r ac t  w a s  in jected.  

Figure 1C Sample chromatogram of a 3 m l  pa t i en t  plasma ex t r ac t  
containing 1.62 ng/ml 1 hour a f t e r  a 0.5  mg i . m .  dose 
of reserpine.  

(Fig. l a ) .  Due t o  an e f f i c i e n t  sample clean-up and the added 

spec i f i c i ty  of fluorescence detect ion all plasma samples produced 

a clean chromatogram with no in t e r f e r r ing  endogenous peaks and a 

minimal solvent  f ron t  (Fig.  lb). Actual t rea ted  pa t i en t  plasma 
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1118 SUCKOW, COOPER, AND ASNIS 

samples did not ind ica te  any i n t e r f e r r i n g  peaks. A t yp ica l  chro- 

matogram appears i n  Fig. l c .  

Although the  lowest concentration fo r  t he  ca l ibra t ion  curve 

i s  0.3 ng/ml, l eve ls  below t h i s  (ca  0 . 1  ng/ml) could be detected 

semi-quantitatively because of the  low in te rcept  and high 

signal-to-noise r a t i o  of t h i s  detector .  

The absolute  recovery of reserpine was car r ied  out by spik- 

ing  3 ml of plasma with various concentrations of reserpine.  The 

extract ion was car r ied  out quant i ta t ive ly .  The in t e rna l  standard 

was added a f t e r  evaporation and taken t o  dryness. The residue 

was der ivat ized and the  ex t r ac t  in jec ted  on column. The s a m e  

standards (and in t e rna l  s tandard)  were dr ied downr der iva t ized  

and in jec ted  i n  the  same concentrations.  The difference between 

the  standard and the in t e rna l  standard i n  the  processed samples 

compared t o  the  d i rec t - in jec t ion  sample gave a measure of the 

overa l l  recovery (Table 1). 

The precis ion of the reported procedure was determined by 

spiking seven 3 ml a l iquots  of drug-free plasma with various con- 

Table 1 

Recovery of Reserpine from 3 m l  of Plasma (n=7) 

- Concentration (ng/ml) Percent Recovery C .a 
0 .3  82.7 7.1 

1.0 79.8 6.5 

6.0 78.4 5.5 
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RESERPINE I N  PLASMA 1119 

centrations o f  reserpine. The samples were processed and chroma- 

tographed as described. T’ne resul ts  appear i n  Table 2. 

A measure of t h e  s t a b i l i t y  of the assay is demonstrated by 

the var iabi l i ty  i n  the slope of the l inear regression curves on 6 

different days (Table 3 ) .  

The principle metabolites of reserpine have been reported 

as reserpic acid, syringomethyl reserpate, and methyl reserpate 

(l).These structurally related metabolites were tes ted t o  

determine i f  any interEerence occurred. All three reacted with 

the vanadium pentoxide derivatizing reagent resul t ing i n  

f luorophors detectable a t  the same wavelength as reserpine. 

However , when injected directly these compounds were separated 

under normal chromatographic conditions (Fig. 2a).Mobile phase 

Table 2 

Within-run Precision of Assay (n=7) 

Concentration ng/ml C.V.% 

0 . 3  8.5 

1.0 8.9 

3.0 4.2 

Table 3 

Day-to-Day S tab i l i t y  of Assay Based Upon Slope of the 

Linear Regression Curves (n=6). 

Slope - + S.D. C.V. % 

1.09 0.098 8.9 
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Figure 2 A  A chromatograin showing 1 0  ng each of reserpine and 
the  th ree  major metabolites a f t e r  d e r i v i t i z a t i o n  with 
vanadium pentoxide. Chromatographic condi t ions as 
described i n  t ex t .  

Figure 2B A chromatogram of the  same compounds separated by a 
change i n  the  mobile phase from 50-50 t o  60-40 
Acetate-Acetonitri le mixture, all other  condi t ions 
remained the  s a m e .  

modification permitted nearly basel ine resolut ion of a l l  

compounds (Fig.  2b) .  Furthermore the only metabolite which was 

ex t rac ted  a t  t h i s  p H  by t h i s  procedure was methyl reserpate .  

T h i s  metabolite was not found i n  t he  plasma OE > 20  d i f f e r e n t  
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RESERPINE IN PLASMA 1121 

p a t i e n t s  rece iv ing  0.5 mg i .m.  of reserp ine  with samples taken 

from 15 minutes t o  24 hours p o s t  dose. Recovery of t h e  a c i d i c  

metabol i tes  r e s e r p i c  a c i d  and syringomethyl r e s e r p a t e  as w e l l  as 

t h e  o t h e r  f luorophors  was achieved by a s i n g l e  e x t r a c t i o n  with 

methyl-t-butyl e t h e r  from plasma buffered a t  p H  4 .0  . 
Two s u b j e c t s  were i n j e c t e d  with 0.5 mg i . m .  of reserp ine  and 

followed f o r  24 hours post-dose (Fig.  3 ) .  Peak plasma concentra- 

t i o n s  occurred almost immediately (15 minutes) and were s t i l l  

de tec ted  a t  t h e  f i n a l  t i m e  p o i n t  ( 2 4  hours) .  These da ta  a r e  con- 

s i s t e n t  with previously repor ted  r e s u l t s  (2). 

4.0 

3.0 
0 
-1 

0, 
C 

E 
\ 

Y 

‘0 2.0 

z 
.- 
c 

.I- 
C 
P) 
0 c 6 1.0 

0 

! 

1 

4 8 12 16 20 24 
Time (hours) 

Figure 3 Plasma concentrat ion - t i m e  curve of reserp ine  i n  two 
d i f f e r e n t  s u b j e c t s  a, b, each rece iv ing  0.5 mg i . m .  
reserpine.  
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1122 SUCKOW, COOPER, AND ASNIS 

I n  summary, a s p e c i f i c ,  r a p i d  and s e n s i t i v e  method has been 

developed which incorpora tes  t h e  m e r i t s  of two previous procedur- 

es. This r e s u l t e d  i n  a shortened a n a l y s i s  t i m e  without s a c r i f i c -  

i n g  o v e r a l l  p r e c i s i o n  o r  s e n s i t i v i t y .  

REFERENCES 

1. S t i t z e l ,  R.E., The b i o l o g i c a l  f a t e  of reserpine.  Pharmacol. 
Rev., 28, 179, 1977. 

2. Tripp, S . L . ,  Williams, E., Wagner, W.E., and Lukas, G. A 
s p e c i f i c  assay f o r  subnanogram concent ra t ions  of reserp ine  i n  
human plasma. L i f e  Sci. ,  16, 1167, 19, 1975. 

3. Sams, R. Determination of reserp ine  i n  plasma us ing  high- 
performance l i q u i d  chromatography, f luorescence detect ion.  
Anal. L e t t .  311, 697, 1978. 

4. Urbanyi, T. and Stober ,  H. Fluorometric determinat ion of 
reserp ine  and r e l a t e d  compounds by r e a c t i o n  with vanadium 
pentoxide. J. Pharm. Sci .  2, 1824, 1970. 

5. Asnis, G.M., Sachar, E.J., Halbreich,  U., Ostrow, L.C., Swami 
Nathan, R., and Halpern, F.S. The pro lac t in-s t imula t ing  
potency of reserp ine  i n  man. Psychiatry R e s .  39, 1981. 

6. Meltzer,  H.Y. E f f e c t  of psychotropic drugs on neuroendocrine 
funct ion.  P s y c h i a t r i c  C l i n i c s  of North America 2 277, 1980. 

7. Asnis, G.M. Manuscript i n  preparat ion.  

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


