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LIQUID CHROMATOGRAPHIC COULOMETRIC 
ASSAY AND PRELIMINARY 
PHARMACOKINETICS OF 

YOHIMBINE IN M A N  

M. HARIHARAN~,  SALLY GUTHRIE~ 
ERICK K. KINDTI, TED VAN NOORD~, 

AND LEON J. GRUNHAUS' 
'Department o f  Psychiatry 

Medical School 
'College o f  Pharmacy 

University o f  Michigan 
Ann Arbor, Michigan 48109 

ABSTRACT 

Earlier HPLC fluorometric, ultraviolet and 
amperometric detector methods are not simple and 
sensitive for the assay of yohirnbine for both 
therapeutic drug monitoring and pharmacokinetic studies. 
A simple and a very senitive HPLC coulometric assay has 
been developed using a C-8 column and a mobile phase of 
water and acetonitrile 65 : 35 (v/v) containing 1.8g/L of 
tetraethylammonium perchlorate. The optimum oxidation 
potential for yohimbine was 0 . 8  V against a Ag/AgCl 
electrode. Reserpiline was used as the internal 
standard. The sensitivity of the assay is 2 0 0  pg using 
1 mL of plasma. The average inter-assay CV was I % and 
the recovery relative to the internal standard was 
100 % .  The assay method was used to determine the 
pharmacokinetics of the drug after an oral and IV dose 
in an individual. 

35 1 

Copyright 0 1991 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



352 

INTRODUCTION 

H A R I H A R A N  ET A L .  

Yohimbine, an indo le  a l k a l o i d  of p l a n t  o r i g i n  i s  

used i n  animals a s  an a n t a g o n i s t  f o r  a n e s t h e s i a  and 

seda t ion .  I n  humans it i s  used a s  a pharmacologic and 

phys io log ic  probe f o r  t h e  s tudy of U 2  adreno r e c e p t o r  

and i n  t h e  t r ea tmen t  of male impotence. A s  an U 2  

a n t a g o n i s t ,  yohimbine decreases  norepinephrine r e l e a s e  

and i n c r e a s e s  blood p res su re ,  h e a r t  r a t e  and a n x i e t y .  

Adminis t ra t ion of yohimbine t o  persons prone t o  pan ic  

a t t a c k s ,  provokes a model panic  a t t a c k  i n  man (1,Z). 
Treatment of  male impotence with yohimbine has revealed 

some i n c o n s i s t e n c i e s  i n  t h e r a p e u t i c  g a i n s  ( 3 ) .  The 

p o t e n t i a l  medical uses  of yohimbine depends upon t h e  

accu ra t e  measurement of plasma l e v e l s  of t h e  drug and a 

thorough knowledge of i t s  pharmacokinet ics .  Although 

Owen e t  a l .  s t u d i e d  i n  d e t a i l  t h e  pharmacokinetics of 

t h e  d rug  a f t e r  an o r a l  dose ( 4 ) ,  t h e y  cou ld  not 

determine t h e  b i o a v a i l a b i l t y  of t he  drug f o r  lack of a n  

i n t r avenous  form o f  t h e  d rug .  Oral  b i o a v a i l a b i l i t y  

de t e rmina t ion  i s  very important because t h e  drug i s  

o f t en  given o r a l l y .  

P r e s e n t l y  plasma l e v e l s  of yohimbine can be 

q u i n t i t a t e d  by HPLC methods using an u l t r a v i o l e t  (5), a 

spec t ro f luo romet r i c  ( 6 )  , o r  an electrochemical  d e t e c t o r  

( 7 , 8 ) .  B u t  a l l  t h e s e  methods have one o r  more of t h e  

fol lowing drawbacks: 1) need l a r g e  volume of  samples 

( 5 ,  6 , 8 )  , 2) use t h e  cumbersome normal phase methodology 

( 6 1 ,  3 )  do not use an i n t e r n a l  s t anda rd  ( 5 )  o r  use a 

poor i n t e r n a l  standard ( 7 ) ,  4 )  e x t r a c t i o n  from plasma i s  

t e d i o u s  due t o  m u l t i p l e  e x t r a c t i o n s  ( 8 )  o r  due t o  

emulsion formation ( 6 ) ,  5 )  lack good d e t e c t i o n  l i m i t s  

e spec ia ly ,  using small  sample volumes (5 -8 )  , 6 )  r equ i r e  

s i l a n i z a t i o n  of glassware ( 6 )  , 7 )  lack comprehensive and 
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YOHIMBINE IN MAN 353 

complete performance characteristics of the assay ( 4 - 7 ) .  

This paper reports details of a very simple and 
sensitive isocratic and ambient temperature HPLC 
coulometric method for the assay of yohimbine. This 
method is free of all of the above mentioned drawbacks 
and has a detection limit of 200 pg/mL when using 1 mL 
of plasma. This paper also gives details of our 
preliminary studies of the pharmacokinetics of yohimbine 
by this assay method both after an IV and oral dose. 

Reagent grade chemicals and HPLC-grade solvents 
were used throughout. Yohimbine hydrochloride was 
obtained from Sigma (St. Louis, MO, USA); reserpiline 
oxalate from K & K Laboratories (Cleveland,OH); 
tetraethylammonium perchlorate (polarographic grade) 
from Eastman Kodak (Rochester, NY); HPLC water, 
acetonitrile, n-butylchloride, and perchloric acid were 
from Fisher Scientific (Detroit, MI). 

The apparatus consisted of an isocratic and ambient 
temperature HPLC unit with a 5 pm C-8 "DB" column (25 X 
0.46 cm: Supelco, Bellefonte, PA) , a Rheodyne injector 
with a 100 pL loop (model 7125; Cotati, CA), a 
coulometric detector (model 5100A) and an analytical 
cell (model 5010A), both from Environmental Science 
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354 HARIHARAN ET AL. 

Associates,  ( B e d f o r d ,  M A ) .  The p r e a n a l y t i c a l  c e l l  and  

a n a l y t i c a l  c e l l  v o l t a g e s  were s e t  a t  0 . 2 5  a n d  0 . 8 0  

v o l t s ,  r e s p e c t i v e l y ,  t h r o u g h o u t  t h e  a s s a y  work. 

The 10-mL T e f l o n  t u b e s  w i t h  screw c a p s  ( O a k r i d g e  

t y p e )  u s e d  i n  e x t r a c t i o n  work w e r e  o b t a i n e d  f r o m  VWR 

S c i e n t i f i c  ( C h i c a g o ,  I L ) .  T h e  t u b e s  a n d  c a p s  w e r e  

s o a k e d  o v e r n i g h t  i n  "Con t rad"  s o l u t i o n ,  washed s e v e r a l  

t i m e s  w i t h  t a p  w a t e r  a n d  d i s t i l l e d  w a t e r ,  r i n s e d  w i t h  

a l c o h o l  a n d  a i r  d r i e d .  

Mobile  Phase  

T t  i s  a m i x t u r e  o f  w a t e r  a n d  a c e t o n i t r i l e  ( 6 5 : 3 5 ,  

v / v )  c o n t a i n i n g  1 . 8 9  o f  t e t r a e t h y l a m m o n i u m  p e r c h l o r a t e  

p e r  l i t e r  of s o l u t i o n .  The f i n a l  pH o f  t h e  m o b i l e  p h a s e  

was found  t o  be  6 . 0 .  The mob i l e  p h a s e  f low r a t e  i n  t h e  

a s s a y  w a s  2 . 3  m L / m i n .  

S t a n d a r d  S o l u t i o n s  

F o r  t h e  yoh imbine  s t o c k  s o l u t i o n ,  2 1 . 5 1 5  m g  o f  

yoh imbine  h y d r o c h l o r i d e  ( e q u i v a l e n t  t o  25 mg of f r e e  

base)  w a s  d i s s o l v e d  i n  250 mL o f  HPLC g r a d e  w a t e r .  

W o r k i n g  s t . a n d a r d  s o l u t i o n s  w e r e  p r e p a r e d  a t  

c o n c e n t r a t i o n s  of 0 . 2 ,  1 . 0 ,  5 ,  1 0 ,  1 6 ,  2 0 ,  a n d  50 ng/mL 

i n  e i t h e r  HPLC g r a d e  w a t e r  o r  d r u g  f r e e  serum. 

The i n t e r n a l  s t a n d a r d  s t o c k  s o l u t i o n  c o n t a i n e d  25 

m g  of r e s e r p i l i n e  o x a l a t e  i n  250 mL o f  m e t h a n o l .  T h i s  

was t h e n  d i l u t e d  t o  a w o r k i n g  c o n c e n t r a t i o n  o f  

10 ng/100 pL. 
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Extract ion 

I n t o  c l e a n  10-mL Teflon t u b e s ,  p i p e t  1 mL of 

s t a n d a r d  o r  plasma, 1 0 0  pL of i n t e r n a l  s t a n d a r d  

s o l u t i o n ,  200  pL of 2 M sodium carbonate  and 6 mL of 

n -bu ty lch lo r ide .  Cap t h e  tubes  and v igo rous ly  shake 

them f o r  15 min. Centrifuge t h e  tubes a t  1000  X g f o r  

8 min. T rans fe r  t h e  t o p  o rgan ic  l a y e r  i n t o  ano the r  

Teflon tube containing 2 mL of 0 . 0 5  M hydrochloric a c i d .  

Cap t h e  tubes and shake them f o r  1 0  min. Centrifuge t h e  

tubes  a t  1000  X g f o r  8 m i n .  Asp i r a t e  o f f  t h e  t o p  

organic  l a y e r ,  add 250  p L  of 2 M sodium carbonate  and 

6 mL of n-butylchlor ide.  Cap t h e  tubes,  shake them f o r  

1 0  m i n ,  and c e n t r i f u g e  them a t  1 0 0 0  X g f o r  8 m i n .  

Transfer  t h e  t o p  organic  l a y e r  t o  a t h i r d  Teflon tube  

and evaporate  t h e  s o l u t i o n  under n i t r o g e n  i n  a 45OC 

water b a t h .  R e c o n s t i t u t e  t h e  r e s i d u e  i n  1 0 0  pl of 

mobile phase and i n j e c t  40 pL i n t o  t h e  HPLC system. 

F igu re  1 shows t h e  hydrodynamic voltammogram of 

yohimbine and r e s e r p i l i n e .  The h i g h e s t  o x i d a t i o n  

p o t e n t i a l  f o r  yohimbine i s  0 . 8 0  V a g a i n s t  a Ag/AgCl 

e l e c t r o d e  us ing  t h e  Environmental Science Assoc ia t e s  

a n a l y t i c a l  c e l l  and t h e  mobile phase used i n  t h i s  work. 

The h i g h e s t  o x i d a t i o n  p o t e n t i a l  f o r  r e s e r p i l i n e  i s  

0 . 8 6  V, but throughout t h i s  assay work w e  used t h e  same 

p o t e n t i a l  s e t t i n g  of 0 . 8 0  V f o r  t h e  a n a l y t i c a l  c e l l .  

The p r e - a n a l y t i c a l  c e l l  was s e t  a t  0.25 V .  These 

vo l t age  s e t t i n g s  ensure very good d e t e c t i o n  l i m i t s  f o r  

yohimbine i n  t he  assay.  Owen e t  a l .  claimed a de t ec t ion  

l i m i t  of 50 pg/mL using 5 mL of plasma ( 7 ) .  W e  observed 
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Volts 
Figure 1 .  Hydrodynamic voltammogram of  yohimbine and 
r e s e r p i l i n e .  

a d e t e c t i o n  l i m i t  of  100 pg f o r  an unextracted s t anda rd  

and 2 0 0  pg f o r  1-mL e x t r a c t s  of  plasma. The h ighe r  

s e n s i t i v i t y  observed i n  t h e  assay i s  mainly due t o  t h e  

E S A  coulometr ic  d e t e c t o r .  B u t  t h e  two previous HPLC- 

e lectrochemical  (amperometric) d e t e c t o r  assays ( 7 , 8 )  f o r  

yohimbine r e p o r t e d  a lower d e t e c t i o n  l i m i t  of on ly  

1 0  ng /mL.  We have shown (9,10,11) t h a t  t h e  coulometric 

d e t e c t o r s  provide much b e t t e r  d e t e c t i o n  l i m i t s  and a r e  

e a s i e r  t o  maintain than t h e  amperometric d e t e c t o r s .  

F i g u r e  2 shows r e p r e s e n t a t i v e  chromatograms 

o b t a i n e d  i n  t h i s  work. The peaks  a r e  s h a r p ,  
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F i g u r e  2 .  R e p r e s e n t a t i v e  ch romatograms  
e x t r a c t s  o b t a i n e d  i n  t h e  a s s a y .  

Peaks  : (1) yohimbine,  ( 2 )  r e s e r p i l i n e .  

A .  Blank r e a g e n t -  

- - 

2 

I 

i 
I 

I I I I I I I  
In 

f rom p l a s m a  

B .  An aqueous s t a n d a r d  c o n t a i n i n g  1 0  ng of r e s e r p i l i n e  & 
i 6  ng/ml of yohimbine.  

C .  A serum s t a n d a r d  c o n t a i n i n g  1 0  ng of r e s e r p i l i n e  & 5 0  
ng/ml of yohimbine.  

D .  A p a t i e n t  sample c o n t a i n i n g  1 0  ng of r e s e r p i l i n e  & 
3 0 . 3  ng/ml of yohimbine.  

E .  A p a t i e n t  sample c o n t a i n i n g  1 0  ng of r e s e r p i l i n e  & 
0 . 3 1  ng/ml of yohimbine.  
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358 HARIHARAN ET AL. 

TABLE 1 

Rctention Times of Drugs in the Assay 

Druq Retention time (min) 

Hydrochlorothiazide 
Tegretol 
Yohimbine 
Chlordiazepoxide 
Qu in ine 
Pheniramine 
Reserpilinp 
Propranolol 
Tripelennamine 
Protriptyline 
Diphenhydramine 
Desipramine 
Nortriptylirie 

2.02 
4.49 
4.71 
4.89 
4.93 

7.62 
8.07 
10.31 
13.8i 
16.70 
22.01 
22.92 

5.38 

Navane, Loxapine, Imipramine, Fluphenazine, 
Amitriptyline, Diazepam, Ephedrine, Dilantin, 
Phenylpropanolamine have retention times greater than 
30 min. 

symmetrical, and the chromatograms are very clean. 
Table 1 cant-ains a list of drugs (commonly prescribed or 
used) that were checked for possible interference in the 
assay by injecting ten nanograms of each (unextracted 
drug) into the HPLC unit. The assay was standardized 
every day with a series of standards of concentrations 
0.2, 1.0, S.0, 10.0, 16.0, 20.0, 50.0 nq/mL. Aqueous 
and plasma standards were randomly used in the work. 
The regression line for a typical assay had a y- 

intercept of -0.0592, a slope of 1.000 and a correlation 
coefficient of of 0.9997. The assay is linear from 0 to 
60 ng/mL. The mean absolute extraction efficiency of 
the analytes was about 75% (n = 6). The extraction 
efficiency was determined by comparing the peak heights 
of unextracted standards with extracted standards. The 
use of n-butylchloride for extracting yohimbine from the 
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plasma matr ix  i s  new f o r  t h i s  assay work. I n  e a r l i e r  

works ( 4 - 8 )  chloroform, methylene c h l o r i d e ,  e t h y l e n e  

d i ch lo r ide ,  e t h y l  a c e t a t e ,  and a mixture of chloroform, 

methylene c h l o r i d e ,  and i sop ropano l  have a l l  been 

employed. None of t h e s e  s o l v e n t s  gave a s  c l e a n  a 

chromatogram a s  n-butyl c h l o r i d e  i n  t h i s  HPLC-EC work. 

The choice of n-butyl ch lo r ide  a s  t he  e x t r a c t i o n  solvent  

seems t o  be a c l e a r  advantage i n  t he  assay work i n  t h a t  

it el iminated emulsion problems, provided good de tec t ion  

l i m i t s ,  and a mean r e l a t i v e  r ecove ry  of  1 0 0 %  f o r  

yohimbine . 
The accuracy, p rec i s ion ,  and recovery da ta  f o r  t h e  

assay given i n  Table 2 a r e  a f u r t h e r  proof of t h e  good 

e x t r a c t i o n  so lven t  and techniques of t h e  method. The 

average inter-assay CV i s  7 % and t h e  intra-assay CV is  
3 . 5  % .  The mobile phase and t h e  column a r e  our f i n a l  

choice a f t e r  exhaustive t r i a l s  with l i t e r a t u r e  methods, 

t h e i r  adap ta t ions  and our own q u i t e  success fu l  s i m i l a r  

assay methods ( 9 , 1 0 , 1 1 )  . The normal phase cond i t ions  

f o r  t h e  assay were ru l ed  out  f o r  convenience and t h e  

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

e l e c t r o l y t e  i n  nonpolar s o l v e n t s .  The r eve r sed  phase 

methods r e p o r t e d  e a r l i e r  ( 5 - 7 )  d i d  not  g i v e  c l e a n  

chromatograms and r e p r o d u c i b l e  d a t a  by o u r  HPLC-EC 

method. Unlike many of t h e  e a r l i e r  workers we used a 

mic ro -pa r t i cu la t e  reversed phase C-8  column ( 5  p m )  of 

r e g u l a r  dimensions ( i n t e r n a l  diameter  of 0 . 4 6  c m ) .  
Because of t h e  g r e a t e r  s e n s i t i v i t y  of t h e  coulometric 

e lectrochemical  d e t e c t o r  we d i d  not r e q u i r e  t h e  m i n i -  
bore column ( i n t e r n a l  diameter of 0 . 2 1  cm) t h a t  Owen e t  

a l .  used ( 6 ) .  (Note: The mini-bore column i n c r e a s e s  

s e n s i t i v i t y  of t h e  assay four  t imes over t h a t  of  t h e  

normal s i z e  column).  Yohimbine's r e t e n t i o n  t ime i s  
known t o  be influenced by the pH of the  mobile p h a s e ( 5 ) .  

B u t  t h e r e  was no necess i ty  f o r  u s  t o  a d j u s t  t h e  mobile 
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TABLE 2 

Prec i s ion ,  Accuracy, and Recovery for  Yohimbine Assay 

Inter-assay ( n = 8 )  

Spiked Conc Expti  Mean cv % Mean Recov 
( n g / m l )  - +sd (ng/ml) 

50 

20 

16 

10 

5 

1 

0.2 

49.95 F 1.5 3.0 98 

20.45 2 1.2 6.2 102 

15.73 2 1.1 7.0 98 

10.90 i 1.0 9.5 109 

5.07 i 0.5 10.3 101 

1.01 i 0.1 6.6 101 

0.25 2 0.1 25 125 

~ 

60 

25 

4 

Intra-assay (n-5) 

60.13 2 2.3 3.9 100 

27.10 L 1.3 4.8 108 

4.03 0.1 1.6 101 

phase pH s i n c e  t h e  yohimbine peak was n i c e l y  r e so lved  

from t h e  r e s e r p i l i n e  peak and peaks from endogenous 

compounds from plasma. The use of t e t  raethylamnonium 

p e r c h l o r a t e  ( p o l a r o g r a p h i c  g rade )  as t h e  s u p p o r t i n g  

e l e c t r o l y t e  i n  t h e  mobile phase considerably reduces t h e  

no i se  i n  t h e  assay and improves assay s e n s i t i v i t y .  We 

obtained b e t t e r  e x t r a c t i o n  e f f i c i e n c i e s  and r ecove r i e s  

using 2 M sodium carbonate than t h e  phosphate b u f f e r  of 
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Figure 3 .  Time versus plasma concentrat ion curves for a 
subject  a f t e r  o r a l  and intravenous dose of yohimbine. 

pH 11 used by Owen e t  a 1 . ( 6 ) .  The very good performance 

c h a r a c t e r i s t i c s  of t h i s  assay a r e  due t o  t h e  combined 

e f f e c t s  of t h e  v e r s a t i l i t y  of t h e  "ESA Coulometric" 

d e t e c t o r ,  t h e  choice of mobile phase, t h e  suppor t ing  

e l e c t r o l y t e ,  t h e  r eve r sed  phase C-8  column, and t h e  

e x t r a c t i o n  solvent and techniques.  

The t i m e  v e r s u s  plasma c o n c e n t r a t i o n  c u r v e s  

fo l lowing  an o r a l  and in t r avenous  dose of yohimbine 

h y d r o c h l o r i d e  ( 1 0  mg) i n  t h e  same i n d i v i d u a l  a r e  

p re sen ted  i n  Figure 3 .  The two d i f f e r e n t  r o u t e s  of 

admin i s t r a t ion  were sepa ra t ed  by a two week i n t e r v a l .  

Blood was drawn pre-dose, and a t  5,  1 0 ,  2 0 ,  45,  90, 1 2 0 ,  

1 5 0 ,  1 8 0 ,  and 2 4 0  m i n u t e s  fo l lowing  t h e  dose. The 

samples were immediately cen t r i fuged  and sepa ra t ed  and 

s to red  a t  - 2 O O C  u n t i l  a s say .  
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362 HARIHARAN ET AL. 

The plasma concentration data were fitted, using 
PCNONLIN (12) software and an IBM computer, to a two- 
compartment pharmacokinetic model. The areas under both 
the oral and intravenous plasma concentration vs time 
curves (AUC) were calculated using the linear 
trapezoidal method, and the terminal portion of the AUC 
was calculated using the terminal plasma concentration 
divided by the elimination rate constant ( p ) .  The 

distribution and elimination half lives ( T  1 / 2 )  were 
calculated by 0 . 6 9 3 / a  and 0 . 6 9 3 / p ,  respectively. The 
fraction of drug bioavailable following oral 
administration was determined by: - 

AUC intravenous 

Pharmacokinetic parameters for this patient are 
shown in Table 3. In this individual the oral 

TABLE 3 

Pharmacokinetic Parameters Following Oral and 
Intravenous Administration of Yohimbinc 

~ 

Intravenous Oral 

KA/hr _ _  

a/hr 6 . 0 2  

P/hr 1.50 

T 1 / 2 a  (hr) 0.115 

T 1 / 2 p  (hrj 3 . 4 6 2  

AUC (ng/mL X hr) 121 

1 0 . 7 3  

1 3 . 0 3  

1 . 5 3  

0 . 0 5 3  

3 . 4 5 3  

4 5  
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absorption was rapid, the peak concentration ( 6 5  ng/mL) 
was reached at 20 minutes following the dose, and the 
bioavailable fraction was 0 . 3 1 .  Also, following both 
oral and intravenous adminstration the distribution 
(T 1 / 2 a  approximately 6 minutes) and elimination (T 1 / 2 p  

approximately 1 / 2  hour) was rapid. A detailed study of 
the pharmacokinetics of yohimbine folowing oral and IV 
doses on several individuals will soon be published 

(13). 

CONCLUSION 

A very sensitive, simple, and highly reproducible 
reversed phase HPLC-coulometric detector method has been 
developed for determining plasma levels of yohimbine 
using a new liquid-liquid extraction technique. The 
assay has beem validated by using it in the 
pharmacokinetics study of the drug in humans. 
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