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A SIMULTANEOUS DETERMINATION OF TRAZODONE AND ITS METABOLITE 
l-m-CHLOROPHENYLPIPERAZIM I N  PLASMA BY L I Q U I D  CHROMATOGRAPHY 

WITH ELECTROCHEMICAL DETECTION 

Raymond F. Suckow 

N.Y. 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  
722 West 168th  Street 

New York, New York 10932 

ABSTRACT 

A l i q u i d  chromatographic method coupled wi th  e lec t rochemica l  
de t ec t ion  w a s  developed t o  measure plasma trazodone and i t s  metabo- 
l i t e  1-m-chlorophenylpiperazine (m-CPP). Following e x t r a c t i o n  from 
1 m l  of a l k a l i n e  plasma w i t h  methyl-A-butyl ether, the  e x t r a c t s  were 
chromatographed on a reversed phase t r i m e t h y l s i l y l  bonded column 
us ing  a 0.05 M phosphate bu f fe r  and a c e t o n i t r i l e  (9O:lO) wi th  n- 
nonylamine and sodium heptane su l fona te  added t o  the mobile phase. 
The compounds were de tec ted  v i a  a t h i n  l aye r  e lec t rochemica l  t rans-  
ducer w i th  g l a s sy  carbon e l ec t rodes  a t  a p o t e n t i a l  of +1.15V vs Ag/ 
AgCl re ference  e lec t rode .  The  recovery of trazodone ranged from 91- 
97% and 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 5% f o t  between 
run  and within-run analyses.  T k  recovery of m-CPP ranged from 82- 
86% and the  c o e f f i c i e n t  of v a r i a t i o n  was less than 8% f o r  between 
run  and within-run ana lys i s .  Steady state plasma concent ra t ion  da ta  
are presented from s e v e r a l  p a t i e n t s .  

INTRODUCTION 

Trazodone is a t r i azo lopyr id ine  d e r i v a t i v e  wi th  an t idep res san t  

a c t i v i t y  that is chemically un re l a t ed  t o  o ther  cu r ren t ly  a v a i l a b l e  

an t idep res san t  agents  (Fig. l a ) .  I n  animals,  trazodone e x h i b i t s  
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Figure 1: Chemical s t r u c t u r e s  of ( a )  t razodone,  ( b )  e toper idone ,  
( c )  m-chlorophenylpiperazine (m-CPP) and (d)  l -o- tolyl-  
p ipe raz ine  (0-TP) 

a n t i s e r o t o n i n  a . c t i v i t y ,  but i t s  mechanism of a c t i o n  in depress ive  

i l l n e s s  i n  humans is not  clear. Trazodone a l s o  possesses  

&-adrenergic blocking a c t i v i t y ,  but  h s  very l i t t l e  a r i t i cho l ine rg ic  

e f f e c t s  a s  demonstrated i n  animal s t u d i e s  as w e l l  a s  i n  c l i n i c a l  

t r ials in depressed p a t i e n t s .  Seve ra l  reviews of t razodone,  i ts  
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TRAZODONE AND ITS METABOLITE 2197 

pharmacology, chemistry,  and the rapeu t i c  e f f i c a c y  have been present -  

ed (1,2,3,4).  

The biotransformation of trazodone can occur through ox ida t ive  

arid hydro ly t ic  r eac t ions  causing t h e  formation of hydroxy de r iva t iv -  

es on both  the  pyr id ine  and benzene nucleus and a d i o l  de r iva t ive  on 

the  t r i azo lopyr id ine  ring. The hydro ly t ic  r eac t ions  r e s u l t  i n  t he  

formation of oxotriazolopyridinepropionic ac id  and its conjugate 

(5) .  The remaining fragment of t he  molecule r e s u l t i n g  from hydroly- 

t i c  cleavage i s  m-chlorophenylpiperazirie (m-CPP) (Fig. lc)  . 
Recently,  it has been suggested that m-CPP con t r ibu te s  to ,  o r  

even accounts f o r  t he  an t idep res san t  a c t i o n  of the  parent  drug (6). 

S tud ie s  revealed that this metabol i te  acts a s  a d i r e c t  s e ro ton in  

receptor  agon i s t  ( 7 ) .  After  o r a l  admin i s t r a t ion  of trazodone, m-CPP 

accumulates i n  the  r a t  b ra in  a t  a concent ra t ion  comparable t o  that 

found a f t e r  pharmacologically and biochemically e f f e c t i v e  doses of 

m-CPP (8). Maj e t  al .  (9) r epor t ed  that trazodone a t  low doses has 

a n t i s e r o t o n i n  p rope r t i e s  w h i l e  a t  higher doses, it a c t s  as a c e n t r a l  

s e ro ton in  agonis t .  Furthermore, m-CPP was shown t o  be a pharmacolo- 

g i c a l l y  a c t i v e  metabol i te  common t o  two s t r u c t u r a l l y  r e l a t e d  

psychotropic drugs etoperidorie (Fig. l b )  and mepiprazole (10). I n  

rats, the  concent ra t ion  of m-CPP i n  b r a i n  t i s s u e  reached s e v e r a l  

times that i n  body f l u i d s  (11). 

To da te ,  two methods have been repor ted  f o r  the  determination 

of trazodone i n  plasma. Ankier et al .  (12) used reversed-phase 

high-performance l i q u i d  chromatography with UV de t ec t ion  (254 Kim) 

and achieved a lower l i m i t  of de t ec t ion  of 20 ngfml f o r  trazodone 
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2198 SUCKOW 

only. Caccia et a l .  (11) quan t i t a t ed  both  trazodorle and i t s  metabo- 

l i t e  (mCPP) i n  p l a s m  and b ra in  t i s s u e  by gas-liquid chromatography. 

The l a t t e r  method i s  complicated by the  f a c t  that a f t e r  e x t r a c t i o n  

the  e x t r a c t s  were divided so that m-CPP could be de r iva t i zed  and 

measured by e l e c t r o n  capture  w h i l e  trazodone was quan t i t a t ed  by a 

n i t rogen  s e l e c t i v e  de tec tor .  

MATERIALS 

Reagents 

Acetor i i t r i l e  (UV grade)  and m e t h y l - s - b u t y l  e t h e r  were 

obtained from Burdick and Jackson Labora tor ies  (Muskegon, MI) , 
sodium heptane su l fona te  (Eastman Kodak Co., Rochester, NY) and n- 

nonylamine(A1drich C h e m i c a l  Co., Milwaukee, WI) were used without 

f u r t h e r  p u r i f i c a t i o n .  Reagent grade potassium phosphate monobasic 

and phosphoric a c i d  were obtained from F i she r  S c i e n t i f i c  Co. 

(Fairlawn, N J ) .  D i s t i l l e d  water w a s  passed through a water p u r i f i -  

ca t ion  system before u s e  (Milli-Q, Mi l l i po re  Corp., Bedford, MA). 

Trazodone HC1, etoperidone HCL , and m-chlorophenylpiperazine 

HC1 (m-CPP) w e r e  k indly  suppl ied  by D r .  Ke i th  Wheeler (Mead Johnson 

h Co., Evansvi l le ,  I N ) .  1-(0-toly1)piperazine (0-TP) 2 HC1 w a s  

obtained from Aldr ich  Chemical Co. (Milwaukee, W I ) .  

Standards 

Stock so lu t ions  of 1 m g / m l  of trazodone, etoperidone m-CPP and 

1- (0- to ty lp iperaz iae)  were prepared i n  0.01N HC1 and s t o r e d  

r e f r ige ra t ed .  Working s tandards  were prepared i n  0.01N H C 1  i n  
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TRAZODONE AND ITS IIETABOLITE 2199 

concentrations of 10 ng/u l ,  f o r  trazodone and etoperidone and 

and 1 ng/u l  f o r  m-CPP and 1-(0-toly1)piperidone (0-TP). 

Instrumentation 

Chromatography w a s  performed w i t h  a Model 6000A so lvent  deliv- 

e ry  system and a Model U6K i n j e c t o r  o r  WISP 710B automatic i n j e c t o r  

(Waters Associates,  Milford,  MA). The column w a s  4.6 mm i.d. x 25 

cm packed wi th  5 p p a r t i c l e  s i z e  t r i m e t h y l s i l y l  mater ia l  (LC-1, 

Supelco, Bel la fonte ,  PA). A Model LC-4B amperometric de t ec to r  w i th  

a TL-5A (Bioanaly t ica l  Systems Inc. ,  W. Lafaye t te ,  IN) t h i n  l aye r  

transducer was used t o  monitor the  compounds of i n t e r e s t .  The 

cur ren t  response was recorded by a dual pen Omniscribe Recorder 

(Houston Instruments,  Austin, TX) a t  1 V and 10 V inputs  f u l l  s c a l e  

preceded by a s i g n a l  ampl i f i e r  (gain = xl ) .  

Cyclic voltammetry w a s  ca r r i ed  out  using a Model CV-1B c y c l i c  

voltammetry instrument (B ioan ly t i ca l  Systems, W. Lafayet te ,  IN) and 

a Model 7034A x-y recorder (Hewlett-Packard, Palo Al to ,  CAI. The 

p o t e n t i a l  w a s  scanned from 0.OV t o  + 1.3 V vs Ag/AgCl re ference  

e l ec t rode  a t  180 mv/sec. Glassy carbon was used as the working 

e lec t rode .  

Sample Ext rac t ion  

To 1 m l  of plasma, 60 u l  (600 ng) of i n t e r n a l  standard e toper i -  

done, 25 u l  (25 ng) of the i n t e r n a l  standard 1-(0-tolyl)  p iperaz ine ,  

1.0 m l  carbonate bu f fe r  (0.6 M pH 9.5) arid 8 m l s  of methyl-=- 

bu ty l  e the r  were added. The  mixture was shaken for 10 minutes and 

cent r i fuged  f o r  10  minutes. The organic layer  was then t r a n s f e r r e d  
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2200 SUCKOW 

t o  15 m l  tapered cent r i fuge  tube containing 1.2 m l  0.1N HC1. After 

mixing and Centrifuging f o r  10 minutes, the  top l aye r  was a sp i r a t ed  

and the aqueous por t ion  t r ans fe r r ed  t o  a 3 m l  tapered glaes- 

stoppered cen t r i fuge  tube. The conten ts  were made a l k a l i n e  wi th  

0.5ml carbonate buf fer  (0.6 M pH 9.5) and ex t r ac t ed  w i t h  0.7 m l  of 

methyl-tert-butyl e ther .  After mixing and cent r i fuging  f o r  5 minut- 

es, the lower l aye r  was discarded and the  ether Layer t r ans fe r r ed  t o  

small 1.0 m l  v i a l s  o r  "low volume i n s e r t s "  i f  automatic sampling was 

desired.  After evaporation t o  dryness i n  a vacuum coricentrator,  

Model SVC-100 M Speed Vac Concentrator,  (Savant Instruments,  

Hicksvi l le ,  NY), t he  res idue  was redissolved i n  100 u l  of mobile 

phase and i n j e c t e d  on column. 

Chromatographic Conditions 

The mobile phase cons is ted  of 90% phosphate bu f fe r  (0.05 M pH 

3.0) and 10% a c e t o n i t r i l e  w i th  0.005 M sodium heptane su l fona te  and 

0.005 M n-nonylamine added. The flow rate was 2.2 ml/min and 

temperature ambient. The e f f l u e n t  w a s  monitored via a thin-layer 

flow through electrochemical transducer having a p o t e n t i a l  of +1.15 

V vs Ag/AgCl re ference  e lec t rode .  

Quant i ta t ion  

The peak-height r a t i o s  of trazodone t o  the i n t e r n a l  standard 

etoperidone and m-CPP t o  the i n t e r n a l  s tandard  o-TP were p l o t t e d  

aga ins t  concentration. A l e a s t  squares l i n e a r  regression ana lys i s  

of these da ta  were used t o  ca l cu la t e  the parameters s lope ,  x-inter-  

cep t ,  c o r r e l a t i o n  coe f f i c i en t  and standard e r ro r s .  
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TRAZODONE AND ITS METABOLITE 2201 

RESULTS AND DISCUSSION 

Trazodone and i t s  metabol i te  m-CPP were ex t r ac t ed  from 1 ml of 

plasma, s epa ra t ed  by reversed  phase l i q u i d  chromatography, and 

q u a n t i t a t e d  by an  e lec t rochemica l  de t ec to r .  The use of a d iv ided  

signal from the c o n t r o l l e r  and a dua l  recorder  set a t  d i f f e r e n t  

a t t e n u a t i o n s  permi t ted  the simultaneous de te rmina t ion  of t razodone 

and m-CPP without  changing a t t e n u a t i o n  dur ing  each  chromatogram. 

Ttus ,  this procedure could be adapted t o  automatic  sample 

processing.  

In  a d d i t i o n  t o  the  large d i f f e r e n c e  i n  concent ra t ions  between 

plasma trazodone and m-CPP, o the r  problems such  a s  peak t a i l i n g  and 

poor r e s o l u t i o n  due t o  poss ib ly  o the r  as ye t  un iden t i f i ed  metabol i t -  

es of trazodorie were i n i t i a l l y  encountered. Af te r  t e s t i n g  s e v e r a l  

bonded reverse-plase columns (ClB-CB) a t r i m e t h y l s i l y l  bonded 

r eve r se  phase column w a s  found t o  adequately r e so lve  the  peaks of 

i n t e r e s t .  The a d d i t i o n  of n-nonylamine to  tk mobile phase and 

maintai.riing t h e  pH a t  3 improved peak symmetry and reduced o v e r a l l  

r e t e n t i o n  times. Fig. 2 shows a dual  chromatogram of a sp iked  

plasma sample. The s e l e c t i o n  of two i n t e r n a l  s tandards  was obvious- 

l y  necessary  because of t he  aforementioned concent ra t ion  d i f f e r e n c e s  

i n  plasma trazodone and m-CPP. Etoperidone (Fig. l b )  c l o s e l y  

resembles t razodone chemical ly  w M. le o-to l y l p i p e r a z i n e  (0-TP) (Fig. 

I d )  i s  chemical ly  r e l a t e d  t o  m-CPP. Because of t he  presence of t he  

phenyl p ipe raz ine  moiety, a l l  of these  compounds d isp layed  similar 

c y c l i c  voltammograms (Fig.  3). The scans i n d i c a t e  an  i r r e v e r s i b l e  

ox ida t ion  r e a c t i o n  a t  ca + l . l V  vs  Ag/GgCl r e fe rence  e l ec t rode .  
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Figure 2: A dual chromatogram of a 1 m l  spiked plasma sample con- 

taining 20 ng of m-CPP ( 2 )  arid 1000 ng of trazodone (3 ) .  
T h e  ent ire  reconstituted extract was injected. Etoperi- 
done ( 4 )  and o-TP (1) are  h t e r n a l  standards. 

TRAZODONE 1 -m-CH LOROPHENY LPlPER AZlNE 

E 

ETOPERIDONE 1 *o-TO LY LP IPE R AZ I N E 

+1.2 0.8 0.4 +1.2 0.8 0.4 

ia ‘a 

Figure 3: Cyclic voltammograms of trazodone, etoperidone, m-chloro- 
ph iy lp iperaz ine  (m-CPP) and 1-o-tolylpiperazine (0-TP) . 
Concentrations for  a l l  compounds were 2 m g / l O  m l  of 
mobile phase. 
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TRAZODONE AND ITS METABOLITE 2203 

Therefore,  the de t ec to r  w a s  set a t  the  the  optimum p o t e n t i a l  +1.15 V 

vs Ag/AgCl re ference  e lec t rode .  

Even a t  t h i s  high p o t e n t i a l ,  t h e  chromatograms did riot 

i n d i c a t e  any i n t e r f e r i n g  endogenous peaks a s  shown by a plasma 

blank (Fig. 4 ) .  Therefore the  d.nimum q u a n t i f i a b l e  l e v e l  of 

de t ec t ion  was 5 ng/ml f o r  m-CPP, w h i l e  f o r  trazodone 100 ng/ml was 

the  lower l i m i t  because of the  r e l a t i v e l y  high l e v e l  of the  i n t e r n a l  

s tandard  etoperidone. If s i n g l e  dose s t u d i e s  were necessary then 

this l i m i t  would be reduced t o  ca 10 ng/ml by add i t ion  of 10% of the  

i n t e r n a l  standard.  With a s i g n a l  t o  noise  r a t i o  = 3, 1 ng of m-CPP 

o r  trazodone i n j e c t e d  d i r e c t l y  can easily be detected.  Fig. 5 shows 

a dua l  chromatogram of an  a c t u a l  p a t i e n t  plasma sample. Tfae 

presence of ('x'' between peaks 1 and 2 is probably an  induct ion  of 

one or more a s  ye t  un iden t i f i ed  metabolites.  

T 
10 nA 

.L 

T 
100 nA 

5 

0 5 10 15 
TIME 

Figure 4: A dua l  chromatogram of a 1 m l  blank plasma ex t r ac t .  
En t i r e  r econs t i t u t ed  e x t r a c t  w a s  i n j ec t ed .  
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Figure 5: 

# H 
P 

100 nA 

A dual chromatogram of a 1 m l  plasma e x t r a c t  from a 
p a t i e n t  rece iv ing  trazodone da i ly  fo r  3 weeks. Trazodone 
(3) l e v e l s  were found to  be 1797 ng and m-CPP ( 2 )  was a t  
a concentration of 54 ng. T h e  peak “x’* probably reprs- 
s e n t s  o ther  as of ye t  un iden t i f i ed  metabolites of trazo- 
done. 

The absolu te  recovery of trazodone and m-CPP w a s  determined by 

spiking 1 m l  of plasma wi th  various concentrations of each 

compound. The ex t r ac t ion  was ca r r i ed  out quan t i t a t ive ly .  The 

i n t e r n a l  standards were added a f t e r  evaporation of the e x t r a c t  and 

aga in  brought t o  dryness. The res idue  w a s  r econs t i t u t ed  wl th  mobile 

phase and in j ec t ed .  The same s tandards  (non-processed and i n t e r n a l  
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TRAZOWNE AND ITS METABOLITE 2205 

s tandards)  were a l s o  brought t o  dryness and r econs t i t u t ed  w i t h  

mobile p h a s e  and i n j e c t e d  d i r e c t l y  on column.. The d i f f e rence  

between the r a t i o  of t he  s tandards  and i n t e r n a l  s tandard  i n  the  

porcessed samples compared t o  t h e  d i r e c t  i n j e c t i o n  sample gave a 

measure of t he  o v e r a l l  recovery (Table 1) .  

The p rec i s ion  of the  repor ted  procedure was determined by sp ik ing  

e i g h t  1 m l  a l i q u o t s  of drug-free plasma wi th  var ious  concent ra t ions  

of bo th  trazodone and m-CPP. TEae samples were processed and chroma- 

tographed a s  described. The r e s u l t s  appear i n  Table 2. 

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

v a r i a b i l i t y  i n  the  s lope  of the l i n e a r  regress ion  curves on 6 

d i f f e r e n t  days (Table 3). 

Steady-state plasma concent ra t ions  were analyzed f o r  trazodone 

and m-CPP (Table 4 ) .  

TABLE 1 

Recovery of Trazodone and m-CPP from Plasma (n=8). 
Compound Concentration (ng/ml) Percent Recovery C.V. x 

Tra zo done 2000 
500 

m- CPP 50 
10 

91 2.4 

82 4.2 
97 2. a 
86 8 . 3  

TABLE 2 

Within-run Prec is ion  of Assay (n=8). 
Compound Concentratiori (ng/ml) C.V. x 

Trazodone 

m-CPP 

2000 
1000 

100 
50 
20 
5 

1.5 
1.5 
1.5 
6.6 
2.3 
2.8 
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TABLE 3 

sucKow 

Day-to-day S t a b i l i t y  of Assay Based Upon 
Slope of the Linear Regression Curves (n=6) 

Slope (ng/ml) + S.D. C.V. % 

Trazodone 378.5 17.05 4.5 
m-CPP 28.0 2.03 7.3 

TABLE 4 

Steady-State Plasma Concentrations i n  Five Depressed P a t i e n t s  
Pa t i en t  Trazodone (nglml) m-CPP (ng/ml) 

824 
496 
875 

1 2 1 2  
618 

8 
20 
10  
28 
22 

T h e  metabol i te  m-CPP ranged from 1 t o  4% of the parent drug i n  

plasma. I n  a s i n g l e  dose k i n e t i c  study (6), m-CPP reached 10 ng/ml 

a t  Cm,, amounting t o  about 1% of the  parent drug plasma concentra- 

t i ons .  I n  another study ( l l ) ,  m-CPP w a s  found t o  be present  i n  

s i g n i f i c a n t  q u a n t i t i e s  in rat b ra in  a f t e r  o r a l  administration. 

T h i s  method should f a c i l i t a t e  the quan t i t a t ion  of trazodone and 

m-CPP i n  b io log ica l  f l u i d s  and a i d  i n  the f u r t h e r  e lud ica t ion  of the 

r o l e  of this metabolite i n  c l i n i c a l  e f f i cacy  and s i d e  e f f e c t  

r e l a t ionsh ips  i n  man. 
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