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TRICYCLIC ANTIDEPRESSANT ANALYSlS BY 

GRAPHY USING PHENYL COLUMNS' 
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A U S T K A C T  

r r i c y c l i c  an t i dep ressan t  (TCu) a n a l y s i s  by  reversed-Dhase l i q u i d  
ci iromatoqraphy was achieved by a novel  approach usinq tvJo m i n i  
phenyl columns (4 .5  x 51J rim). Analyses were o rgan ized  i n t o  two t l ruu 
groups: 1. n-desinethyl doxepin, doxepin, n o r t r i p t y l  i n e  and 
arni t r i p t y l  ine, and 2. desipraiaine and i inipranl ine. Sainple 
p r e p a r a t i o n  was i i o d i f  i e d  froi:t a pabl  ished procedure (dong and 
XcCauley, J. L i q .  Chromat,ogr., 4, 849 ( l Y d l ) ] ,  usi r tq  
n-hexanelisoarnyl a l coho l  (Y9:l) as the organ ic  e x t r a c t a n t ,  f o l  loved 
by b a c k - e x t r a c t i n q  w i t h  d i l .  phosphor ic  ac id .  Both s teps  were 
c a r r i e d  ou t  by  u s i n g  po lyp ropy lene  tubes t o  m in im ize  a d s o r p t i v e  
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2512 WONG ET AL. 

l o s s  of druas.  Chromatographic  pa ra r ie te rs  were:  t d o  r a i i i i  pheny l  
c o l m r i s ;  m o b i l e  phase 0.01 14 n-nonylamir ie  i n  0.02 CI liaH PO pH = 
3.0 /ACN ( 9 : l ) ;  f l o w  r a t e  3.0 ?i l /min. ;  ambient  tenperat$re! ’sainple 
volume 50 u l ,  and d e t e c t i o n  wave leng th  214 nm a t  D . 0 1  t o  8.U5 AdFS. 
U n a l y s i s  t i m e  was about  5 minu tes .  Peak h e i g h t  r a t i o s  were l i n e a r l y  
c o r r e l a t e d  t o  c o n c e n t r a t i o n s  r a n g i n g  f r o m  2 5  t o  S W  Ng/L.  
bay - to -day  c o e f f i c i e n t s  o f  v a r i a t i o n  ranged  f rom 2.5 t o  6.9% ( n  = 
31 t o  3 4 ) .  K e c o v e r i e s  were 7 1  t o  86%. F luphenaz i t i e  arid perp i ier raz ine 
d i d  n o t  i n t e r f e r e  w i t h  t h e  T C A  peaks, w h i l e  a t h i o r i d a z i n e  
met-abol i t e  i n t e r f e r e d  w i t h  t h e  i n t e r n a l  s t a n d a r d .  W i t h i n  t h e  p a s t  
two and a h a l f  years,  t h i s  p r o c e d u r e  was used f o r  c l i n i c a l  
q u a n t i t a t i o n  and/or  c o n f i r i n a t i o n  purposes.  Based on t h i s  
exper ience ,  c r i t e r i a  a r e  sugqested f o r  u s i n g  t h i s  p rocedure  as a 
v i a b l e  a l t e r n a t i v e  f o r  TCAs m o n i t o r i n g .  

I h T K OUU C T I 0 11 

M o n i t o r i n g  o f  t r i c y c l i c  a n t i d e p r e s s a n t s  (TCUs)  inay s e r v e  as a 

u s e f u l  a d j u n c t  t o  d e p r e s s i o n  t h e r a p y  (1) .  A t  ovesent ,  

n o r t r i p t y l  i r l e ’ s  t h e r a p e u t i c  range,  511-150 f iq/L, i s  we1 1 

e s t a b l i s h e d ,  w h i l e  t h o s e  o f  t h e  o t h e r  TCAs a w a i t  f u r t h e r  

i n v e s t i g a t i o n .  Pharmacok i r i e t i c  and r o u t i n e  c l  i n i c a l  l a b o r a t o r y  

ana lyses  o f  TCA r e q u i r e  s i m p l e  and r e 1  i a b l e  procedures,  p o s s i b l y  

f r e e  f r o m  c h r o a a t o g r a p h i c  i n t e r f e r e n c e  hy n e u r o l e p t i c s ,  such as 

f l u p h e n a z i n e ,  pe rphenaz i i i e  and t h i o r i d a z i n e  w h i c h  inay be 

c o - a d m i n i s t e r e d  w i t h  TCHs.  The p r e s e n t  s t u d y  was des igned  t o  meet 

t h e  abov f  needs. It i n c l u d e d  an i n i t i a l  e v a l u a t i o n  o f  t h e  phenyl  

co lun r i  f o r  T 2 U  analyses,  f o l l o w e d  b y  a l o n g - t e r m  ( t w o  and a h a l f  

y e a r s )  c l  i n i c a l  s tudy .  

I B M  I n s t r u m e n t s  L i q u i d  Chromatograph has n o t  been c e r t i f i e d  f o r  
c l i n i c a l  a p p l i c a t i o n .  

Non-standard a b b r e v i a t i o n s  - LIES, des ip ramine ;  IMI, imipra ia ine;  
NOR, n o r t r i p t y l  i ne ;  A M I ,  a m i t r i p t y l  i ne ;  PID-DOX, n-desrnethyl  
doxepirr; and DOX, doxep in .  
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TRICYCLIC ANTIDEPRESSANT ANALYSIS 2513 

W i t h i n  t h e  c l i n i c a l  l a b o r a t o r i e s  engagirlg i n  TCAs m o n i t o r i n g ,  

t h e  predominant mode i s  reversed-phase 1 i q u i d  chromatography 

( t I P - L C ) ,  f o l l o w e d  by gas chromatography and radioimmunoassay. A 

" se rn i -qua r i t i t a t i ve "  assay - Enzyme M u l t i p l i e d  Immunoassay Technique 

( E M I T )  by Syva ( P a l o  A l t o ,  CA 54303) may be used t o  i d e n t i f y  h i g h  

c o n c e n t r a t i o n  o f  TCA,  and r e c e n t l y ,  a q u a n t i t a t i v e  E M I T  assay has 

been in t roduced,  and i t s  c l i n i c a l  e f f i c a c y  awa i t s  c l i n i c a l  

e v a l u a t i o n .  

I - i q u i d  chromatography i n  b o t h  t h e  reversed-phase and normal 

phase niodes has beeii used t o  analyze TCgs, a t e t r a c y c l i c  

(maprot i 1 i r e ) ,  arid o t h e r  a t y p i c a l  an t i dep ressan ts  such as 

trazodone. From t h e  r e v i e d s  o f  ScocJgins, e t  a l .  ( 2 )  and Nong (11, 

t h e  popular  LC c o l m n  choices i n c l u d e  reversed-phase u s i q  C-18 and 

CN. S u t f i n ,  D'Ambrosio and Jusko u t i l i z e d  a s i l i c a  c o l u w  and 

d e t e c t o r  a t  e i t h e r  214 o r  254 nm f o r  t h e  de te r in i l i a t i on  o f  e i g h t  

t r i -  and t e t r a c y c l  i c  an t i dep ressan ts  and t h e i r  major  ri ietabol i t e s  

( 3 ) .  McCormick, i r i e l s e n  and Ja t l o r r  desc r ibed  a RP-LC assay o f  

a1prazola:a ( a  r e c e n t l y  i n t r o d u c e d  a n t i a n x i e t y  and an t i dep ressan t  

d rug )  by  u s i n g  a C-18 column and d e t e c t i o n  a t  202 nn  ( 4 ) .  Lensmeyer 

and Evenson analyzed TCAs u s i n g  a cyanopropyl  column w i t h  r e c y c l e d  

s o l v e n t  and suggested t h a t  t h e  s e p a r a t i o n  was due t o  t h e  

predominant reversed-phase mode ( 5 ) .  Visse r ,  e t  a1 . , r e p o r t e d  

s imul taneous TCA assay u s i n g  a CN-bonded phase c o l u m  ( 6 ) .  

Our i n i t i a l  s t u d y  was under taken t o  e x p l o r e  a l t e r n a t i v e s  t o  

t h e  pub1 i shed reversed-phase analyses f o r  TCAs. An arnine/piiosphate 

b u f f e r ,  based on the  work o f  Melander, e t  a l .  ( 7 1 ,  was used as t h e  

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



2514 WONG ET AL. 

m o b i l e  phase. Kabra and assoc ia tes  ( 8 )  showed t h a t  a smal l  amount 

of competing base i n  t h e  m o b i l e  phase e l i m i n a t e d  t a i l i n g  o f  bas i c  

compounds and p e r m i t t e d  t h e  use o f  m o b i l e  phases i n  t h e  "sa fe "  

a c i d i c  pH range. I n  t h e  p resen t  study, a n o b i l e  phase o f  

n-notiyl  amine/phosphate/ ace ton i  tr i l e  was used t o  compare t h e  

s e l e c t i v i t y  o f  t h r e e  bonded phase columns - phenyl, C-8, and Civ - 

f o r  t h e  separa t i on  o f  seven TCAs. Based or1 t h i s  comparison, t h e  

phenyl column was chosen f o r  f u r t h e r  i n v e s t i g a t i o n .  The a p p l i c a t i o n  

o f  t h e  phenyl column f o r  TCA analyses w i t h  f l uo rescence  d e t e c t i o n  

was p r e v i o u s l y  r e p o r t e d  by Reece, Zacest and Barrow (91. The 

p resen t  s tudy d i f f e r e d  f rom t h e  above procedure i n  column 

c o n f i g u r a t i o n ,  m o b i l e  phase, and method o f  d e t e c t i o n .  Phenyl column 

analyses o f  o t h e r  drugs such as t h e o p h y l l i n e  arid c a f f e i n e  had been 

r e c e n t l y  i n v e s t i g a t e d  by Wong, e t  a l .  (10). 

I n  o p t i m i z i n g  t h e  a n a l y s i s  t i m e  i n  t h i s  study, t h e  f i r s t  

approach was t o  d i v i d e  t h e  compounds i n t o  two groups r a t h e r  than  

t r y i n g  t o  achieve complete b a s e l i n e  r e s o l u t i o n  o f  a l l  TCAs.  Group 

s e l e c t i o n ,  based on c l i n i c a l  drug a d m i n i s t r a t i o n  p r a c t i c e ,  

shor tened t h e  o v e r a l l  a n a l y s i s  t i m e  f rom 15 minutes t o  8 minutes 

when u s i n g  a 15 cm phenyl  column. A second approach was t h e  

s u b s t i t u t i o n  o f  two 5 cm phenyl m i n i  columns f o r  t h e  15 cm 

a n a l y t i c a l  column. Two reasons were proposed f o r  t h i s  column 

c o n f i g u r a t i o n .  F i r s t ,  t h e  o v e r a l l  s h o r t e r  column l e n g t h  (19 cm) 

would r e s u l t  i n  f a s t e r  a n a l y s i s  t ime, t h u s  r e d u c i n q  s o l v e n t  

consumption. Second, t h e  f i r s t  m i n i  column would serve as a guard 

column, and c o u l d  be d i sca rded  when column performance 
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TRICYCLIC ANTIDEPRESSANT ANALYSIS 2515 

deteriorates. The second column would then replace the discarded 

colunn as a guard colmri, and a neir column would be attached at its 

outlet, minimizing column replacement cost. Another time-saving 

measure was the modification of published sample preparation 

techtiiques ( l l ) ,  replacing silanized glass  tubes with polypropylene 

tubes to minimize drug adsorptive loss. An additional modification 

of that procedure was the use of 800 ng clomipramine as the 

interrial standard. 

Preliminary data o f  colurnri selectivity and comparison studies, 

presented earlier (12, 13), are summarized here. These experiences 

and tlie results of i: ?rqq-term two and a half years' clinical 

evaluation indicate that the described procedure may be used alone 

or in complimentary fashion to a procedure iitilizinq straight-chain 

furictional colunn such as C-18 for enhancing TCAs monitoring - 

especially for patient treatment in combination therapy with 

neurolept ics. 

KATERIHLS AivD METHODS 

Reagents 

Acetonitrile ( A C N ) ,  hexane and methatiol, distilled in glass, 

ultra-violet grade, were purchased from Burdick and Jackson Labs. 

(Nuskeqon, dich. 49442). Isoamyl alcohol , orthophosphoric acid, 

potassiuq clihydrogen phosphate and sodium dihydrogen phosphate were 

"Baker-Analyzed" Reagent Grade (Phillipsburg, N.J. 08865) .  

9-nonylamine was purchased from Sigma Chemical Co. (St. Louis, MO 

63178). Imipramiqe, desipramine, amitriptyline and nortriptyline 
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2516 WONG ET AL. 

were ob ta ined  f r o m  drug companies as desc r ibed  p r e v i o u s l y  (11). 

Uoxepin and n-desmethyl doxepin were 9 i f t s  o f  P f i z e r  Pharmaceut ica l  

(New York, N Y  i0017) .  Drug standards were a l s o  prepared as 

p r e v i o u s l y  desc r ibed  ( 1 1 ) .  

M o b i l e  Phase 

For  t h e  p r e p a r a t i o n  o f  m o b i l e  phase, 11.04 qm o f  NaH2pU4.+0 

was d i s s o l v e d  i n  4 l i t e r s  o f  water and t h e  pH was ad jus ted  t o  3.1) 

w i t h  or tho-phosphor ic  ac id .  Then, 7.3 m l  o f  n -nony lami ie  was added, 

f o l l o w e d  by  s t i r r i n g  t h e  soapy s o l u t i o n  f o r  a t  l e a s t  one h a l f - h o u r  

i n s i d e  the  hood f o r  adequate v e n t i l a t i o n .  The s o l u t i o n  was f i l t e r e d  

and r e f r i g e r a t e d  u n t i l  a n a l y s i s .  Then i t  was mixed w i t h  ACR ( 3 : l )  

and degassed. 

I n s t r  m e r i t  a t  i on 

Two separate chronatographs were used t o  c a r r y  ou t  t h e  TCAs 

analyses. For  a n a l y s i s  w i t h  t h e  uBondapak C-18 column (4.6 nm x 30 

cm) ( iJaters  A S S O C . ,  M i l f o r d ,  MA 017571, connected t o  a 

Bondapak/Porasi l  guard c o l m n ,  t h e  chrornatograph used was one 

p r e v i o u s l y  desc r ibed  (11). For  t h e  o t h e r  a n a l y s i s  w i t h  two m i q j  

phenyl columns (4.5 x 50 mm) ( I B M  Ins t rumen ts ) ,  t h e  chrornatograph 

used was a t e r n a r y  g r a d i e n t  l i q u i d  chromatograph, Model LC/Y533, 

equipped w i t h  a Model LC19523 v a r i a b l e  wavelength de tec to r ,  s e t  a t  

214 t i fa  ( I B M  I ns t rumen ts ) .  

Sampl i n g  

P a t i e n t s  were f r o m  t h e  i n - p a t i e n t  and o u t - p a t i e n t  c l i n i c s  o f  

our  h o s p i t a l s  and o t h e r  a f f i l i a t e d  h o s p i t a l s .  Genera l ly ,  m o n i t o r i n g  

was recommended a f t e r  a t  l e a s t  2 weeks o f  therapy,  and 1 /2  hour 
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TRICYCLIC ANTIDEPRESSANT ANALYSIS 2517 

be fo re ,  o r  L2 hours a f t e r  i n q e s t i o n .  A s y r i n g e  was used t o  draw 

b lood,  f o l l o w e d  by emptying t h e  c o n t e n t  i n t o  an EUTA, s i l a n i z e d  

q l a s s  t e s t  tube. A l t e r n a t i v e l y ,  a ven ipunc tu re  was performed and 

b lood  was c o l l e c t e d  i n  a Lavender Top Vacuta iner  Brand tube  

(Becton-Dickinsori,  NJ 07070). The c l i n i c a l  e f f i c a c y  of t h i s  dev i ce  

f o r  TCA sampl ing was e s t a b l i s h e d  from a p rev ious  s tudy  (14). A f t e r  

c e n t r i f u q a t i o n  o f  t hese  tubes, t h e  plasma Ldas t r a n s f e r r e d  t o  a 

marked po lyp ropy lene  tube  f o r  f r o z e n  s to rage  u n t i l  a n a l y s i s .  

E x t r a c t i o n  

E x t r a c t i o n  procedure was s i m i l a r  t o  t h e  pub1 ished procedures 

(11,14-16). B r i e f l y ,  a f t e r  t h e  a d a i t i o n  o f  800 ng of c lo r i i p ramine  

as t h e  i n t e r n a l  s tandard  ( n o t e  t h a t  800 ng of NOK was used f o r  t h e  

NU-DOX and UOX assay by t h e  C-18 procedure)  t h e  drugs were 

e x t r a c t e d  f rom a l k a l  i n i z e d  plasma k j i t h  n-hexane/isoamyl a l coho l  

( Y 9 : l )  and back -ex t rac ted  by d i l .  phosphor ic  ac id .  About 5 0 g l  o f  

t h e  t o t a l  150 t o  175 u 1  of  TCH e x t r a c t s  was used f o r  TCAs analyses 

by  e i t h e r  t h e  C-18 o r  phenyl column procedures. ( I t  i s  impor tan t  t o  

n o t e  t h a t  a t  

i n j e c t i o n  technique.)  

Chromatographic C o n d i t i o n s  

e a s t  two i n j e c t i o n s  can be made usinq t h e  manual 

C-18 a n a l y s i s  was performed as desc r ibed  p r e v i o u s l y  (111, 

except  t h a t  t h e  co lunn  temperature das 6OoC f o r  kU-DOX and DOX 

analyses and t h e  m o b i l e  phase idas phosphate/ACN ( 7 : 3 ) .  For t h e  

phenyl  column, t h e  f l o w  r a t e  = 3.U ml/min., d e t e c t i o n  214 nm a t  

0.01 t o  u.05 AUFS, and i n j e c t i o n  volwne = 5 0 ~ 1 .  
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2518 WONG ET AL. 

Q u a n t i t a t i o n  and S t a t i s t i c a l  A n a l y s i s  

Peak h e i g h t  r a t i o s  o f  s tandards were p l o t t e d  a g a i n s t  t h e  drug 

concen t ra t i ons .  Q u a l i t y  c o n t r o l  and p a t i e n t s '  TCAs c o n c e n t r a t i o n s  

were es t ima ted  f rom these  p l o t s .  C o r r e l a t i o n  o f  TCAs va lues  f rom 

b o t h  procedures were eva lua ted  by L i n e a r  Regress ion o f  t h e  Advance 

S t a t i s t i c a l  A n a l y s i s  (Radio Shack, F o r t  Nor th,  TX 75111). 

2ESULTS 

F i g u r e s  1 A  and 1B show t h e  chromatograris f rom p r e l i m i n a r y  

s t u d i e s  us ina  C-8, CN and phenyl columns. Using t h e  s t a t e d  

chromatographic condi  t i o r i s ,  phenyl columns o f f e r e d  aaequate 

r e s o l u t i o n  o f  s i x  TCAs analyzed i n  two separate groups. E l u t i o n  

o rde r  f o r  t h e  f i r s t  group bras: NU-DOX, NOR, UOX, AIVII, and I .S . ;  t h e  

second group: DES, o r o t r i p t y l i n e ,  IMI, and I . S .  Since p r o t r i p t y l i n e  

i s  s e l d o n l y  used, i t  was n o t  i n c l u d e d  i n  t h e  second qroup d u r i n q  

t h e  c l i n i c a l  s tudy.  As d iscussed p r e v i o u s l y  i n  t h e  i n t r o d u c t i o n ,  

t h e  two phenyl " m i n i "  colurnri c o n f i g u r a t i o n  was adapted. M o b i l e  

phase c o n s i s t e d  o f  10% i n s t e a d  o f  20% ACN, so as t o  a l l o w  "added" 

r e s o l u t i o n  i n  o rde r  t o  compensate f o r  column d e t e r i o r a t i o n  d u r i n g  

t h e  l ong - te rm c l i n i c a l  s tudy.  Consequently, t h e  e l u t i o n  o rde r  o f  

t h e  f i r s t  group was changed as f o l l o w s :  NU-DOX, DOX, NOR, A M I ,  and 

I .S.  F i g u r e s  2,3 and 4 show t h e  chromatographic analyses o f  

e x t r a c t s  o f  "d rug - f ree "  and p a t i e n t s  plasma w i t h  TCA present .  T o t a l  

a n a l y s i s  t ime  was about 8 minutes.  Tab le  1 l i s t s  t h e  l i n e a r  

r e g r e s s i o n  a n a l y s i s  of c a l i b r a t i o n  (between 25 ug and 800#1g/L) and 

r e c o v e r y  data. P r e c i s i o n  s tudy  r e s u l t s  a r e  summarized i n  Table 2. 
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A 

2519 

I 

I 1  
1 

E --- 
0 4 0  4 0  4 

C - 8  
MINUTES 

CN PHENY 1 

798 
7 

lii 
MINUTES 

C- 8 CN PHENYL 

Figures l,A (1 15 - Selectivity studies of C-8, CN and phenyl 
colilmris with the following chromatographic 
parameters: column dimension: 4.5 mm x 150 cm. 
Peak identification: 1. desmethyldoxepin; 2. 
nortriptyline; 3. doxepin; 4. amitriptyline; 
5. clomipramine; 6. desipramine; 7. 
protriptyline; and 8. imipramine. 
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2520 WONG ET AL 

0.002 AU I 

- 
1 3 5 7  

Minutes 

F i g u r e  2 - Chromatogram o f  a "Drug Free"  plasma e x t r a c t ,  analyzed 
by t h e  phenyl column. 

Table I 

L i n e a r i t y  and Kecovery Data 

r 2  Slope y - i n t e r c e p t  Recovery 

DES u. 998 3.68 X 10-3 -U.130 71% 
I M I  0.999 2.91 X 10-3 -0.010 84% 
NOR 0.999 4.52 X 19-3 -U.016 71% 
AM1 0.999 3.23 X 10-3 -0.024 72% 
NO-OOX 0.999 8.13 X 10-3 -0.069 86% 
oox 0.999 5.33 X 10-3 -0.035 84% 
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3 
0.002 AU 

1 3 5 7  

Minutes 

F i i u r e  3 - Chromatogram o f  t h e  p a t i e n t  plasma e x t r a c t  c o n t a i n i n g :  
1. desipramine (119 ug /L ) ;  2. imipramine ( 5 5  ug/?) ;  and 
3. c l o n i p r a m i n e  ( i n t e r n a l  s tandard) ,  analyzed by the 

phenyl columns. 

Table 2 

P r e c i s i o n  Data 

W i  th in-Run Day-to-Day 

Mean Conc. CU n Mean Conc. CU n 
ug/L ug/L 

DES 147.2 2.4% 6 151.8 6.6% 34 
IMI 156.1 3.02 6 161.5 4.0% 34 
rim 147.8 3.2% 6 153.4 6.2% 31 
AM I 150.3 2.2% 6 151.1 3.5% 31 
NU-DOX 152.9 i.99. 6 152.5 6.9% 31 
DOX 151.4 1.8% 6 150.8 6.3% 31 
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2522 WONG ET AL. 

T 

1 3 5 7  
Minutes 

Figure 4 - Chromatogram o f  patient plasma extract containing: 4. 
nortriptyline (162 uq/L); 5. amitriptyline (197 u g / L ) ;  
and 3. cloaiipramiqe (internal standard), analyzed by 
the phenyl columns. 

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



TRICYCLIC ANTIDEPRESSANT ANALYSIS 

Table 3 

2523 

Capacity Factors, k ' ,  of Some Common Drugs 

Barbi t a1 
kic e t am i o p h e n 
Code ine  
Meperidine 
Chlordiazepoxide 
Phenobarbital 
Amo bar b i t a1 
Pentobarbi tal 
Cimetidine 
Secobarbital 
NU-Plaprot i 1 ine 
il t~ - Do x ep i 
Flaprot i 1 i ne 
Sluthethimide 
Prop ox yp h e tie 
Uoxepi 11 

1.7 
3 . 2  
3.2 
3 . 2  
3.5 
3.5 
3.5 
4.4 
5 . 3  
5.3 
5.2 
0 .7  
7 .1  

8.0 
3.9 

8 ,  il 

7-OH-amoxapine 
8-OH-amoxapine 
Tr azodone 
De s i pr aini ?e 
Perphenaz i ne 
F 1 urazeparn 
P henyto i n 
I m i 2 r am i *I e 
bbrtriptyl ine 
Amoxapi ne 
Chlorpronazi ?ie 
Ami tr iptyl i tie 
Fluphenazine 
Oxazepam 
Lorazepam 
C 1  w n  i pram i oe 
Diazepam 
Thioridazine 

8.9 
8.9 
d.9 
9.3 
11.7 
11.7 
11.7 
12.0 
12.b 
14.3 
16.2 
16.b 
17 .1  
17 .1  
22.5 
24.4 
27.9 
5U.b 

Table 4 

TCA Analysis by both methods for a six-month period 

l lP l I /DES & M I / N O K  3OX/NO-LlOX TdrAL % OF C-18 
ANALYSES 

1. Total C-15 103 30 15 148 --- 
Analyses 

Dhenyl Col. 
Analyses 

Phenyl col. 
Analyses 

2. Confirmed 9 1 4 14 9.4% 

3. Un-confirmed 2 none none 2 1.4% 
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2.524 WONG ET AL 

D e t e c t i o n  l i m i z s ,  based on S / h  o f  5, a r e  about 1 ng. Tab le  3 l i s t s  

t h e  c a p a c i t y  f a c t o r s  o f  drugs checked f o r  chrornatoqraphic 

i n t e r f e r e n c e .  F i g u r e  5 and 6 show t h e  c o r r e l a t i o n  p l o t s  o f  TCHs 

c o n c e n t r a t i o n s  o f  p a t i e n t s ,  and p a t i e n t s  and qua1 i t y  c o n t r o l ,  

q u a n t i f i e d  by these  two procedures. F i g u r e s  7 ana 8 r e p r e s e n t  

s e l e c t e d  chromatograins, showing t h e  s e l e c t i v i t y  o f  t h e  phenyl 

c o l m n  i n  r e s o l v i n g  chromatographic i q t e r f e r e n c e  peaks f rom o t h e r  

druqs, co - inges ted  by two p a t i e n t s  t r e a t e a  w i t h  TCA, w h i l e  F i g u r e  Y 

shows t i l e  i n t e r f e r e n c e  was n o t  r e s o l v e d  f o r  t h e  a n a l y s i s  o f  another 

p a t i e n t .  Table 4 summarizes t h e  r e s u l t  o f  TCA analyses by b o t h  

methods w i t h i n  a s ix-month pe r iod .  

D I SCU S S I ON 

Wi th t h e  emphasis o f  TCAs m o n i t o r i n g  

numerous a r t i c l e s  have been p u b l i s h e d  deal  

o f  c l  i n i c a l  pharinacolopy ano pharrnacokinet 

q u a n t i  t a t  i o n  methodoloqies.  Re1 i a b i  1 i t y  of 

n t h e  l a t e  1979's,  

rig w i t h  v a r i o u s  aspects  

cs, sampl ing and 

c l i n i c a  

measurement, as shown by t h e  American A s s o c i a t i o n  

Chemist ry  and t h e  C o l l e g e  of American P a t h o l o g i s t s  

has markedly  improved. However, w i t h  t h e  excep t ion  

1 abo ra to ry  

o r  C1 i n i c a l  

survey r e s u l t s ,  

o f  n o r t r i p t y l i n e  

and imipramine, plasma l e v e l s  o f  o t h e r  TCAs do n o t  c o r r e l a t e  w e l l  

w i t h  c l i n i c a l  response. Recent ly ,  t h e  combinat ion o f  plasma l e v e l  

and e l e c t r o c a r d i o g r a m  QRS va lues  has been proposed t o  be use fu l  f o r  

p r o v i d i n g  r a t i o n a l  an t i dep ressan t  the rapy  (17-19) .  

I n  c a r r y i n g  o u t  TCA measurements, t h e  m a j o r i t y  o f  t h e  

procedures u t i l i z e d  reversed-phase C-18 o r  CFI columns. In t h e  

p resen t  study, another  column packing, phenyl, was used i n  
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Correlation Coefficient = 0.997 
Slope = 0.993 
Intercept = - 0.060 
Number of Pairs = 82 
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Concentration TCA WglL) 
Reference Method 

Figure 5 - Patient data. Comparison o f  plasma levels of  TCAs 
obtained by two methods. Investigative nethod = phenyl 
column vs. reference method = C-18 colunn. 
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Figure 6 - Patient and quality control data. Comparison o f  plasma 
levels o f  TCAs obtained by two methods. 
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2521 

. 

A 

3 

B 

0 10 
MINUTES 

L 
0 10 

M I N U T E S  

Figure 7 - Chromatograms of the plasma extract of a patient 
medicated with desipramine and other unidentified 
drug(s.1, (A) C-18 column, and ( 8 )  phenyl column. (Note 
that the interference was resolved by the phenyl 
column.) (Peak identification: 1. desipramine, 794 
ug/L, 2. unidentified, and 3. l.S.) 
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i 

A 

WONG ET AL. 

e 

h 
1 2  

I 

2 

3 

0 10 0 10 

M I N U T E S  

Figure 8 - Chromatogram of plasma extract of a patient medicated 
with doxepin and other drug(s.1, ( A )  C-18, and ( 8 )  
phenyl. (Note that the interference was resolved by the 
phenyl colurnn.) (Peak idenitfication: 1. N-DOX, 120 
ug/L, 2 .  DOX, 113 ug/L, and 3. I .S.  - NOR for Figure 
8A and Clomipramine for Figure 8 B.) 

conbination with n-nonylamine/phosphate/acetonitrile as the mobile 

phase. The emphasis of this study was to investigate the different 

selectivity afforded by the phenyl ring structure as compared to 

that o f  the straight chain of the C-8, or the predominantly 

reversed phase character o f  the CN. Since TCks and potentially 

interfering neuroleptics are heterocyclic and/or unsaturated 

compounds, the phenyl colurnn may offer unique selectivity via 
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MINUTES 

2529 

B 

ii:. 
10 

Figure 9 - Chronatograns o f  p\asma extract of a patient medicated 
with imiprarnine and thioridazine, (A) C-18; ( 8 )  Phenyl 
(Note that the interference was not resolved by the 
phenyl column.) Peak identification: 1. UES, 121 ug/L, 
2. IMI, 126 ug/L, 3. I.S., and 4. thioridazine. 

mechanisms o f  cyclic interactions ( 2 0 1 , l T - T  interactions (211, 

and/or aromatic stacking interactions (22 ) .  This would be expected 

to enhance the resolution of interfering drugs and metabolites from 

the TCAs studied. Althouph such an approach has not proven to be 

totally successful, as shown by later patient studies, the concept 

o f  using the pheriyl column for general drug analysis merits further 
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2530 WONG ET AL. 

i n v e s t i g a t i o n .  T h i s  i s  based upon t h e  h e t e r o c y c l i c  s t r u c t u r e  of a 

vas t  number o f  drugs f rom a n t i a s t h m a t i c s  - t h e o p h y l l i n e ;  

a n t i c o n v u l s a n t s  - phenobarb i ta l ;  a n t i a r r h y t h m i c s  - procainamide, 

and o the rs .  Indeed, t h e  phenyl column cou ld  be used f o r  

t h e o p h y l l i n e  and c a f f e i n e  a n a l y s i s  (10) .  

F i g u r e s  1A and 1 B  show t h e  r e s u l t s  o f  p r e l i m i n a r y  comparisons 

of t h e  pheriyl, C-8, and CN columns. Under t h e  same c o n d i t i o n s  o f  

f l o w  r a t e  and mob i l e  phase, Dhenyl o f f e r e d  b e t t e r  r e s o l u t i o n  than  

e i t h e r  CN o r  C-8. (However, by changing c o n d i t i o n s ,  adequate 

r e s o l u t i o n  c o u l d  be ob ta ined  w i t h  a CN column (p repared  by another 

inanufacturer) ,  as demonstrated by p r e v i o u s  s t u d i e s  (5,15,16) f o r  

TCA m o n i t o r i n g . )  A proposed mechanism o f  mo lecu la r  i n t e r a c t i o n  

between components o f  t h e  s t a t i o n a r y  phase and t h e  mob i l e  phase i s  

t h a t  t h e  base (nony lan iqe )  competes w i t h  t h e  ana ly tes  f o r  urireacted 

s i l a n o l  s i t e s  o f  t h e  s i l i c a  ( 7 ) .  T h i s  c o n p e t i t i o n  min imizes t h e  

peak t a i l i n g  assoc ia ted  w i t h  analyzing b a s i c  compounds i n  t h e  

reversed-phase mode. A f t e r  i n i t i a l  e q u i l i b r a t i o n  t ime  (1  h r .  f o r  

b o t h  phenyl and CN, and over 24 h r .  f o r  C-U), s i l a n o l  s i t e s  a r e  

e f f e c t i v e l y  niasked and r u n  t imes  Nould s t a b i l i z e .  T h i s  d i f f e r e n c e  

i n  t h e  i n i t i a l  e q u i l i b r a t i o n  t imes may s u b s t a n t i a t e  t h e  competing 

base theory.  The s h o r t  c h a i n  l e n g t h  of t h e  c h e m i c a l l y  bonded cyano 

group pe rm i t s  ready  access o f  n o n y l a n i i e  t o  s i l a n o l  s i t e s .  For t h e  

phenyl column, s t e r i c  h inderance does n o t  pe r in i t  t h e  phenyl r i n g s  

t o  c l u s t e r  as c l o s e l y  t o g e t h e r  as t h e  s t r a i g h t  cha ins  o f  t h e  o c t y l  

column, a l l o w i n g  nony lami ie  o f  t h e  m o b i l e  phase t o  i n t e r a c t  more 

r a p i d l y  w i t h  s i l i c a  backbone o f  t h e  phenyl phase. The longer  
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TRICYCLIC ANTIDEPRESSANT ANALYSIS 2531 

equilibration time noted for the octyl colarnn nost likely results 

from the tightly-packed, straight carbon chains of the octyl 

moiety, hindering ready access of nonylamine to the urireacted 

silanol sites. 

After selecting the phenyl column, a "weaker" mobile phase of 

10% of ACN instead o f  20% was used to afford greater resolution, 

allowing for the resolution loss as the column deteriorates during 

long-term clinical use. As noted in RESULTS, the order of elution 

for the first group i s  NO-DOX, DOX, NOi?, AlrlI, and I .S.  Preliminary 

studies showed calibration was linear, and recovery ranged from 71 

to 86%, comparable to the previously published procedure (11) and 

to the range cited by Scoggins, et a1.(2). With acceptable 

coefficients of variations in the precision studies, preliminary 

comparisons of patient and quality control sample results showed 

that the clinical efficacy was comparable to a previously published 

TCA analysis using C-18 packing. The procedure was then evaluated 

for long-term studies to investigate two areas: first, the long 

term stability of the dual phenyl mini column configuration, and 

second, the ability to resolve interfering neuroleptics and their 

metabolites. The available data showed the first set o f  columns was 

stable up to 300 injections, while the second set, consisting of 

the second column of the first set and a new column, was stable up 

to 400 injections. 

Due to the possible co-administration o f  TCHs with 

neuroleptics or other drugs, their chronatographic interference had 

occasionally prevented accurate estimation by the C-18 procedure. 
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dith the different selectivity of the phenyl column, such 

interference was successfully resolved as shown by Figures 78 and 

86, but not resolved as shown by Figure 9B. The phenyl column was 

successfully used to resolve an interference peak with the internal 

standard as follows. Due to the presence o f  unknown drug(s), the 

C-18 analysis (Fig. 7 A )  shows that desipramine (1) and internal 

standard (31,  elute at about 7 and 11 minutes, respectively, with 

an overlapping peak (2) at 10 minutes. Further inquiry into the 

patient history did not reveal any other medication. However, the 

possibility of other drug(s) could not be totally excluded. Due to 

the interference peak contributing to the internal standard peak 

height, an accurate estimation o f  peak height ratio and hence the 

patients' desipramine concentration could iiot be achieved. It may 

be possible to resolve these peaks by programing an integrator or 

computer, or to analyze by an alternate method - the phenyl column 
using the balance of the same drug extracts. 

As noted previously, the total volutw of TCA/phosphoric acid 

extract ranged from 150 to 1 7 5  NL. Having used about 50 &L for the 

C-18 colurnn analyses, the balance, 100 to 125 fiL would be 

sufficient for the phenyl colurnn analysis. Further, these extracts, 

when refrigerated, were stable up to 24 to 36 hours, so that the 

second phenyl column analysis may be performed on the following 

day, allowing flexibility in scheduling. Indeed, when this extract 

was thus re-analyzed, as shown by Figure 78, the internal standard 

( 3 )  eluted at 8 minutes with cornplete resolution, allowing an 

accurate estimation of desipramine (794 d g / L ) .  
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I n  a d d i t i o n  t o  r e s o l v i n g  t h i s  i n t e r f e r e n c e  peak w i t h  i n t e r n a l  

standard, t h e  phenyl column was u s e f u l  i n  r e s o l v i n g  an i n t e r f e r e n c e  

peak d u r i n g  a doxepin a n a l y s i s .  F i g u r e  8A shows t h a t  n-desmethyl 

doxepin (1) and doxepin ( 2 )  were "covered" by a l a r g e  i n t e r f e r e n c e  

peak, which d i d  n o t  a f f e c t  t h e  i n t e r n a l  s tandard  n o r t r i p t y l i n e  ( 3 ) .  

Aqain, p a t i e n t  h i s t o r y  d i d  n o t  r e v e a l  o t h e r  drugs. Phenyl column 

a n a l y s i s  ( F i g u r e  8 6 )  shows ti-DOX and DOX e l u t e d  comp le te l y  f r e e  o f  

i n t e r f e r e n c e .  

However, f o r  m o n i t o r i n g  TCA plasma c o n c e n t r a t i o n  o f  t h e  

p a t i e n t  medicated wi th  t h i o r i d a z i n e ,  t h e  phenyl c o l m n  procedure 

s u f f e r e d  f rom i n t e r f e r e n c e  of t h e  I .S .  F i g u r e  9A shows t h e  C-18 

a n a l y s i s  o f  a p a t i e n t  medicated w i t h  i i n ip ra t i i ne  and t h i o r i d a t i n e ,  a 

n e u r o l e p t i c .  DES, a m e t a b o l i t e  o f  IHI, e l u t e d  on t h e  " t r a i l i n g  

edge" o f  a l a r q e  unknown peak, and t h i o r i d a z i n e  (4) e l u t e d  a t  13  

minutes ( a f t e r  t h e  i n t e r n a l  s tandard ) .  S ince t h i o r i d a t i n e  i s  

me tabo l i zed  t o  6 t o  7 me tabo l i t es ,  t h e  l a r g e  unknown peak, possibly 

one o r  seve ra l  o f  t h i o r i d a z i n e  m e t a b o l i t e s  c o u l d  a f f e c t  DES 

measurement. Thus, t h e  phenyl coli lmn was used. As shown by F i g u r e  

98, b o t h  DES (1) and IlvlI ( 2 )  e l u t e d  w i t h  complete r e s o l g t i o n .  

However, t h e  i n t e r n a l  standard, i n d i c a t e d  by arrow ( 3 1 ,  co -e lu ted  

w i t h  an u n i d e n t i f i e d  peak, p o s s i b l y  one o f  t h i o r i d a z i n e ' s  

m e t a b o l i t e s  b u t  n o t  t h i o r i d a z i n e ,  s i n c e  t h e  t h i o r i d a z i n e  e l u t e d  

w i t h  k '  = 50.8, much l a r g e r  than  t h a t  o f  I.S. ( k '  = 24.4). An 

a l t e r n a t i v e  would be t o  use another TCA, such as amoxapine (k' = 

14.3),  as t h e  i n t e r n a l  standard. 

As a r e s u l t  o f  t h i s  experience, ou r  l a b o r a t o r y  has adopted t h e  

f o l l o w i n a  c r i t e r i a  f o r  c o n f i r m a t i o n  by t h e  phenyl column procedure: 
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1. P a t i e n t  H i s t o r y  - I f  n e u r o l e p t i c s  such as f l uphenaz ine  and 

perphenazine a r e  co-admin is tered w i t h  t h e  chosen TCAs, as i n d i c a t e d  

by t h e  p a t i e n t ’ s  t rea tmen t  p r o t o c o l ,  phenyl column a n a l y s i s  would 

be used t o  c o n f i r m  t h e  r e s u l t .  For  p a t i e n t s  w i t h  t h i o r i d a z i n e ,  

phenyl  column analyses w i t h  another  I.S. such as amoxapine should 

be attempted. 

2. Chromatographic i n t e r f e r e n c e  - T h i s  may be due t o  known o r  

unknown drugs and/or inetabol i tes.  Phenyl colunin a n a l y s i s  should be 

at tempted as soon as poss ib le .  

3. H igh TCAs plasma c o n c e n t r a t i o n  - f o r  t h e  c o n c e n t r a t i o n  

exceeding 500 yg/L,  phenyl a n a l y s i s  would be needed t o  c o n f i r m  f o r  

t h e  l a c k  o f  p o t e n t i a l  i n t e r f e r e n c e ,  which cou ld  c o n t r i b u t e  t o  t h e  

peak h e i g h t ,  r e s u l t i n g  i n  an e r roneous ly  h i g h  va lue.  

4. P a t i e n t s  showing c a r d i o t o x i c i t y l s e i z u r e s  s i d e  e f f e c t s  - For  

these  p a t i e n t s ,  ohenyl column a n a l y s i s  would be u s e f u l  t o  con f i r i n  

t h a t  c a r d i o t o x i c i t y l s e i z u r e  nay be due t o  h i g h  plasma TCA 

c o n c e n t r a t  ions. 

I nhe ren t  w i t h  f o l l o w i n g  t h e  above f o u r  c r i t e r i a ,  t h e  

l a b o r a t o r y  would r e q u i r e  a thorough p a t i e n t  h i s t o r y ,  t h e  l a t e s t  

c l i n i c a l  m a n i f e s t a t i o n s ,  and pe r fo rm ing  t h e  phenyl a n a l y s i s  as soon 

as t e c h n i c a l  1 y f e a s i b l e .  

Us ing t h e  above c r i t e r i a  f o r  a s ix-month pe r iod ,  t h e  r e s u l t  of 

u s i n g  t h e  ohenyl column a n a l y s i s  f o r  c o n f i r m a t i o n  i s  o u t l i n e d  i n  

Table 4. O f  a t o t a l  o f  148 p a t i e n t  TCA analyses u s i n g  t h e  C-18 

procedure, 16 (10.8%) r e q u i r e d  c o n f i r m a t i o n .  W i t h i n  t h i s  group, 14 

(9.4%) were “confir ined”, w h i l e  2 (1.4%) were “unconf irtned” and 
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e x c l u s i v e l y  f o r  t h e  IMI/DES group. T h i s  exper ience was t y p i c a l  o f  

t h e  two and one-half yea rs  l ong - te rm study. In t h i s  t ime  pe r iod ,  

t h e  t o t a l  number of p a t i e n t ' s  TCA analyses b y  C-18 procedure was 

893, i n d i c a t i n g  t h a t  about 56 c o n f i r m a t i o n s  by phenyl a n a l y s i s  were 

performed. 

A t e c h n i c a l  c o n s i d e r a t i o n  f o r  u s i n g  t h e  phenyl column i s  t h e  

need f o r  column c o n d i t i o n i n g .  S ince the  phenyl columns i n i t i a l l y  

used f o r  t h i s  s tudy  were packed under normal phase c o n d i t i o n ,  

i sop ropano l  was pumped p r i o r  t o  use i n  reversed-phase analyses. 

Recent ly ,  t h e  manufacturer  has i n t r o d u c e d  phenyl columns packed i n  

reversed-phase s o l v e n t s  t h a t  do n o t  r e q u i r e  t h i s  c o n d i t i o n i n g  s tep.  

I n  conpar ison t o  t h e  p r e v i o u s l y  r e p o r t e d  C-13 column a n a l y s i s ,  

seve ra l  advantages o f  t h e  phenyl column a r e  apparent. The phenyl 

a n a l y s i s  i s  performed a t  ambient temperature, whereas t h e  C-18 

colurir i  a n a l y s i s  r e q u i r e s  e leva ted  temperature t o  suppress peak 

t a i l i n g .  f o r  t h i s  reason, t h e  phenyl c o l m n  method uses 

i n s t r u m e n t a t i o n  r e a d i l y  a v a i l a b l e  i n  most c l i n i c a l  l a b o r a t o r i e s .  

This s tudy  a l s o  shows t h a t  t h e  use o f  po l yp ropy lene  tubes i s  

accep tab le  f o r  c l i n i c a l  analyses o f  TCAs. Some d isadvantages o f  

t h i s  r e p o r t e d  phenyl column method a re  t h e  s h o r t  column l i f e ,  and 

t h e  need t o  o rgan ize  t h e  TCAs i n t o  two groups, r a t h e r  than  

a n a l y z i n g  a l l  TCAs s imu l taneous ly .  

F r o n  our  long- ter i t i  study, t h e  phenyl column has been shown t o  

e q u i l i b r a t e  q u i c k l y  and r e l i a b l y .  Due t o  i t s  ease and a b i l i t y  t o  

r e s o l v e  i n t e r f e r e n c e  and t h e  p o s s i b l e  a d a p t a t i o n  o f  t h e  novel  two 

m i n i  column approach, t h e  phenyl columns may be r e a d i l y  used as a 
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r o u t i n e  and/or c o n f i r m a t i o n  procedure f o r  TCA m o n i t o r i n g ,  p r o v i d i n g  

a v a l u a b l e  a l t e r n a t i v e  t o  t h e  s t r a i g h t - c h a i n  C-18 o r  CN column. 
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