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A B S T R A C T  

A specific and sensitive me thod  for  the de te rmina t ion  o f  diclofenac at  concent ra t ions  down to ca. ! 
ng/.rn!, the limit o f  detect ion being 1O0 pg/ml,  in h u m a n  phtsma and urine bv gas c h r o m a t o g r a p h y - m a s s  
spec t romet ry  with 2H ~-labelled diclofenac as internal s tandard  is described. The  method  is also suitable for  
the s imul taneous  assay o f  these two c o m p o u n d s  when both  are present  in samples  o f  h u m a n  plasma or  
urine. In this case, 5-chlorodiclofenac is used as internal s tandard .  After  toluene extract ion fror.,~ p lasma or  
wi thout  extract ion for  urine, the me thod  involves the fo rmat ion  of  a d imethyl indol inone  derivative by 
extract ive alkylat ion.  The  technique was ~pplicd to determine low p lasma concent ra t ions  and urinary 
excretion o f  labelled and unlabelled diclofenac af ter  percu taneous  appl ica t ions  o f  Vol taren Emulgel to 
humans  applied s imul taneously  under  occlusive dressing as deutera ted  diclofcnac sodium,  a:ld without  
occlusive dressing as unlabelled diclofenac sodium.  

I N T R O D U C T I O N  

Dic lo fenac  sodium is a non-steroidal  ant i inf lammatory drug used in the treat- 
ment o f  rheumatic  diseases. Several assay procedures for biological  fluids are now 
available,  based on gas chromatography  [1,2], gas c h r o m a t o g r a p h y - m a s s  spec- 
trometry ( G C - M S )  [3,4] and high-performance  liquid chromatography  [5--7]. A 
compi lat ion  has been recently published [8]. Only G C - M S  methoz~s [3,4] are 
suitable for the measurement  o f  the very low plasma concentrat ions  (less than 10 
ng/ml)  o f  diclofenac achieved after percutaneous  application o f  diclofenac. A 
method  using G C  with negative- ion chemical  ionizat ion M S  with [iaO2]diclofe- 
nac as internal standard has been recently published [4] for the quantitative mea- 
surement o f  dictofenac in human plasma at f emtomole  levels. But  validation data 
showing  the precision and accuracy were not detailed. A s ignal-to-noise  ratio o f  4 
was considered appropriate for the lowest  detectable a m o u n t  o f  2 pg/ml.  

The  s imultaneous  administration o f  a drug and the same molecule  labelled 
with a stable isotope is used in pharmacokinet ic  studies to avoid intra-individual 
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vari.ability. The simultaneous determinat ien  e f  the ,,:nlabelled and labelled drug is 
performed by G C - M S .  

The method described in this paper  is based on the G C  assays already pub- 
lished for unchanged diclofenac and its known metabolites [1,2], which were 
adapted to a gas chromatograph  with mass-selective detection (MSD). 

Diclofenac sodium labelled with deuterium (D¢-diclofenac) has been synthe- 
sized [9] and used as an internal s tandard for the determinat ion of diclofenac 
(Do-diclofenac) in human  plasma and urine. Also, both compounds  were admin-  
istered simultaneously in studies based on the stable isotope labelling technique, 
using 5-chlorodiclofenac as internal standard,  for the s imultaneous determina-  
tion of Do- and D.,-diclofenac in plasma and urine. 

E X P E R I M E N T A L  

Clzemicai.s" and  reagent.~" 
Diclofenac sodium and the internal standard,  5-chlorodiclofenac, were sup- 

plied by Ciba-Geigy (Basle, Switzerland). 
Diclofenac sodium labelled with deuter ium in the phenylacetic ring was pre- 

pared from [-'H.s]bromobenzene in our laboratories according to a reaction 
scheme derived from that described by Stierlin et al. [9]. The isotopic composi t ion 
of  labelled diclofenac was 36.4% D,~-, 36.2% Da-, 19.6% D2-, 6.6% Dr-  and 
1.1% Do-diclofenac. 

The solvents and reagents used were all of analytical grade: toluene, dichloro- 
methane and hexane (Pestipur, SDS, Peypin, France); 0.05 M te t rahexylammoni-  
um hydrogensulphate  solution (Fluka 87303, Fluka,  Buchs, Switzerland), pre- 
pared in 0.1 M sodium hydroxide; iodornethane (Fluka 67692); 5 M phosphoric  
acid, prepared from 85% phosphoric  acid (Merck 573, Merck, Darmstadt ,  Ger- 
many).  

Eqz l i ] ) i l l c i l l  

A Hewlett-Packard 5990A gas chromatograph  equipped with a capillary inlet 
system and an HP 7673A automat ic  sampler  was used. Tha column was a i2.5 m 
× 0.2 mm fused-silica capillary column coated with cross-linked methyl  silicone 

(Hewlett-Packard ! 909 ! A, option 101 ), the film thickness was 0.33 pm. The carri- 
er gas was helium with an inlet pressure of  62 kPa (9 p.s.i.g.). Splitless injection 
was used with a 0.30-rain splitless period. The injection temperature was 270°C. 
The column was initially at I50°C for 0.5 min, and the temperature was then 
raisec: at 50°C/rain to 230°C. A Hewlett-Packard 5970B mass-selective detector 
was interfaced with the 5890A gas chromatograph,  with the capillary column 
inserted directly into the ion source. The invariable electron energy was 70 eV, 
and the voltage of  electron mult ipl ier  was !800 V. The G C - M S  interface was 
maintained at 280°C. 

The MS was calibrated with the Autotune  program at the beginning of  each 
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day  using pe r f luo ro t r ibu ty lamine  ( P F T B A ) .  The  MS was  turned  on f rom 2 to 5 
rain af ter  injection. The  selected ions, mon i to red  with a dwell t ime of  10 m s  
co r r e spond ing  to the var ious  d imethy l indo l inone  derivat ives,  were m/z 305 for 
Do-diclofenac,  m/z 309 for  D4-dic iofenac  and  m/z 339 for  5-chlorodiclofenac.  

Calibration and validation samples 
F o r  the assay  o f  bo th  Do- and  D4-diclofenac,  5-chlorodic lofenac  was used as 

internal  s t anda rd .  Da -Dic lo fenac  was the internal  s t a n d a r d  for  the assay  o f  Do- 
diclofenac.  

Plasma. Al iquo t s  o f  w o r k i n g  solut ions and a cons tan t  a m o u n t  o f  internal  s tan- 
da rd  (313 pmol  per  50 ld o f  5-chlorodic lofenac  o r  165 pmol  per  50 /tl o f  D4- 
diclofenac) in m e t h a n o l  were evapo ra t ed  before the t~.ddition o f  1 ml o f  h u m a n  
p la sma  to p roduce  reference samples  in the concen t r a t ion  range  3 .4-340 nM.  

Urine. Aliquo ts  o f  work ing  solut ions and  a cons t an t  a m o u n t  o f  internal  s tan- 
da rd  (319 pmoi  per  50 lil o f  5-chlorodic lofenac  or  165 pmol  per  50 Fti o f  D4,  
diclofenac)  in m e t h a n o l  were e v a p o r a t e d  to dryness  before  the add i t ion  o f  I ml o f  
h u m a n  urine to p roduce  reference samples  in the concen t r a t ion  range  3 .4-1700 
nM.  The a m o u n t s  o f  c o m p o u n d s  were different in p l a sma  a n d  urine owing to 
different weighings  for  the ca l ibra t ion .  

Sample preparation 
Plasma. Pla sma  samples  were ext rac ted  with toluene pr ior  to extract ive a lkyla-  

tion. A 50-/tl vo lume  of' internal  s t anda rd  solut ion (313 pmol  per  50 ltl o f  5- 
ch lorodic lofenac  or  165 pmol  per  50 td o f  D4-diclofenac)  was  placed in a 10-ml 
glass tube  a n a  e v a p o r a t e d  to dryness ,  then 1 ml o f  p la sma ,  1 ml o f  5 M H a P O 4  
and  5 ml o f  to luene were  added .  The  mixture  was shaken  for  15 min at  300 rpm 
and  cent r i fuged at  1600 g Yor 4 rain. The  organic  phase  was  t rans fe r red  to a 10-ml 
conical  glass tube  and  evapo ra t ed  to dryness  under  a s t r eam o f  n i t rogen at 40"C. 

Urhte. Direc t  extract ive  a lky la t ion  was used with ur ine  for  the assay  o f  free 
(uncon juga ted)  diclofenac.  F o r  total  diclofenac (free + conjuga ted) ,  p r io r  a lka-  
line hydrolys is  o f  conjuga tes  was car r ied  out: the mixture  o f  1 ml o f  urine,  30 mg 
of  ascorbic  acid and  5 M N a O H  was  left at  75°C for 30 min.  

Extractive alkylation 
The same condi t ions  for extract ive  a lkyla t ion  were appl ied  to bo th  the dry  

residue ob ta ined  f rom p lasma ,  with 3 ml o f  5 M N a O H  added ,  and  urine a f te r  
a lkal ine hydrolysis .  A 100-pi vo lume  o f  0.05 M t e t r a h e x y l a m m o n i u m  hydrogen-  
su lphate  and  40 ltl of  i o d o m e t h a n e  were added.  Af te r  mixing,  the tube  was left at  
r o o m  t empe ra tu r e  for  1 min.  Then,  3 ml o f  d i ch lo rome thane  were added  and  the 
mix ture  was  shaken  for  30 rnin a t  150 rpm.  Af t e r  cen t r i fuga t ion  at  1600 g for  2 
rain, the aqueous  phase  was  discarded.  The organic  phase  was  t rans fe r red  to a 
conical  tube  and  e v a p o r a t e d  to dryness  under  a n i t rogen  s t r eam at  40"C. Then,  1 
ml o f  hexane  a n d  2 ml o f  wa te r  were added  to the d ry  residue fol lowed by shak ing  
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for 10 rain at 200 rpm.  Af te r  cen t r i fuga t ion  at 1600 g for 2 min ,  the tube  was 
placed in dry-ice to freeze the aqueous  phase.  The  organic  phase  was t ransfer red  
to a smal l  conical  tube and  evapora ted  to dryness .  The  residue was dissolved in 20 
III o f  toluene,  and  2 ltl were injected into the gas c h r o m a t o g r a p h .  

Correction o f  the data.Jbr isotopic contributions 
Owing  to isotopic con t r ibu t ions ,  the measu remen t s  at m[z 305 and  309 were 

not  specific for Do-dic lofenac and  D4-diclofenac,  respectively. 
To es t imate  these con t r ibu t ions ,  two solut ions  con t a in ing  ei ther  Do-dic lofenac  

or D¢-diclofenac at a concen t ra t ion  o f  ca. 1.4 ltM were processed as descr ibed for 
the extract ive a lkyla t ion .  Af te r  separa te  inject ion o f  each derivat ive,  the recorded 
heights  at m/z 305 and  309 were used for the es t imat ion  o f  the isotopic  cont r ibu-  
tions. The  measu red  peak heights  were corrected in acco rdance  with a m e t h o d  
adapted  f rom pub l i shed  procedures  [10-I2].  The  m a t h e m a t i c a l  t r ea tmen t  was 
based on the a s s u m p t i o n  that  va r iab le  a m o u n t s  o f  the c o m p o u n d s  do not  result  in 
d is tor t ions  o f  the mass  spectra,  and  the fact that  the s ignal  measu red  at a given 
mass  is the sum o f  the s ignals  f rom all the molecu la r  species at the cons idered  
mass.  

Hlll l l{i i l  S l t l d y  

A heal thy  subject  was t reated s imul taneous ly  with 2.5 g o f  Vol ta ren  Emulge l  
con ta in ing  1% dic lofenac  sod ium wi thou t  occlusive dress ing and  1.25 g o f  Volta-  
ren Emulgel  con ta in ing  1% deutera ted  d ic lofenac  s o d i u m  appl ied  10 h wi th  oc- 
clusive dressing. 

• Blood samples  were collected before  and  2, 4, 6, 12 a n d  24 h af ter  appl ica t ion .  
P lasma was separa ted  by cen t r i fuga t ion  and  stored at - 2 0 ° C  unt i l  analysis .  

Ur ine  was collected at the fo l lowing t ime intervals:  0-6 ,  6-12,  12-24 a n d  24--48 
h af ter  appl ica t ion .  The  v o l u m e  was measu red  and  an  a l iquot  was s tored at 
- -  2 0 ° C .  

RESULTS A N D  D I S C U S S I O N  

The d i m e t h y l i n d o l i n o n e  derivat ives,  fo rmed by extract ive a lky la t ion  as previ-  
ously descr ibed [1,2], o f  Do-diclofenac,  D,~-diclofenac and  the in te rna l  s t a n d a r d  
were prepared.  Wi th  t e t r a h e x y l a m m o n i u m  as the coun te r  ion, the c o m p o u n d s  
were extracted f rom the aqueous  phase  as their  ion pairs  into i odome thane ,  in 
which d ime thy la t i on  o f  the 0~-carbon a tom of  the pheny lace t i c  acid moie ty  oc- 
curred.  Wi th  the hydroxy la ted  metabo! i tcs ,  me thy l a t i on  of  the hyd roxy  groups  
also occurred.  

Mass spectra and isotopic contributions 
Elec t ron- impac t  spectra  o f  the var ious  derivat ives are shown  in Fig. 1. 
The  molecu la r  ions at m/z 305, 309 and  339 were selected for quan t i t a t ive  
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Fig. I. Mass spectra o f  the dimethylindolinone derivatives o f  Do-diclofenac (A), D4-diclofenac (B) and 
5-chlorodiclofenac (C). 

measurements  in the selected-ion moni tor ing mode. As shown in Fig. 1, D0- 
diclofenac and D4-diclofenac interfered with each other when measured at m/z 
305 and 309. The isotopic contr ibut ions  were estimated from the heights recorded 
at the two m/z values after injection of  the derivative of  each compound.  The 
values o f  these isotopic contr ibut ions  were slightly variable from day to day. 

T h e y  were measured daily. 
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Plasma and ,trine hiter.[Orences 
T h e  extracts  o f  b lank  h u m a n  p l a s m a  and  urine  s h o w e d  a c lean  base l ine  at m/z 

305,  309 and  339; typical  s e l ec ted- ion  current  profi les  are s h o w n  in Figs .  2 and  3. 
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Calibration curves 
Quantification was based on the peak-height (after correction o f  isotopic con- 

tributions) ratio of  the compound and of  the internal standard. Calibration 
curves were obtained by plotting the peak-height ratio v e r s u s  the concentration of  
the compound.  Their equation was calculated by weighted linear regression with 
a weighting factor of  1/(concentration) 2. A calibration curve was prepared on 
each day of  analysis. 

Within'day accuracy and prec~ion 
The within-day precision of  the method was checked by determining six plasma 

and urine samples spiked with various amounts  of  either Do-diclofenac (using 
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internal standard. 

D4-d ic lo fenac  as internal  s tandard)  or Dr,- and D4-dic lo fenac  (using 5-chloro-  
d ic lofenac  as internal  s tandard) .  

T h e  " ' ' "  ie,a,:'~e s tandard dev iat ion  ( R . S . D . )  was  used as a measure  for the preci- 
s ion.  The  relative difference be tween  found  and added a m o u n t s  was  a measure  for 
the accuracy.  The  results obta ined  with the procedure  described are given in 
Table  I. A better reproducibi l i ty  was  obta ined  for Do-d ic lo fenac  w h e n  D4-d ic lo -  
fenac was  used as internal  s tandard.  Indeed,  the labelled drug  used as internal 
s tandard perfectly c o m p e n s a t e s  for losses  occurr ing  during t h e  analytical  proce-  
dure.  
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T A B L E  I 

W I T H I N - D A Y  P R E C I S I O N  A N D  A C C U R A C Y  F O R  D o - D I C L O F E N A C ,  U S I N G  D ~ - D I C L O F E -  

N A C  AS I N T E R N A L  S T A N D A R D ,  A N D  FOR. D o- A N D  D a - D 1 C L O F E N A C  U S I N G  5 - C H L O R O -  
D I C L O F E N A C  AS I N T E R N A L  S T A N D A R D ,  IN S P I K E D  P L A S M A  A N D  U R I N E  S A M P L E S  

C o m p o u n d "  G i v c n  M e a n  found  R.S.D.  Relative 
(riM) (n ---- 6) ( n M )  (n = 6) (%)  e r ro r  ( % )  

Plasmu 
Do-Dic lo fenae  
(I.S. = D.t-D) 

Dc:Diclofenac 
(I.S. = 5-CID) 

D.:Diclofenac 
( l .S .  = 5 - C t D )  

3.43 3.34 8. I - 2.6 

17.I 15.9 6.3 - 7 . 0  
68.5 68.2 1.8 - -0 .4  

171 171 4.8 0 

240 251 5.7 + 4.6 
3.30 3.25 ! 6,8 - 1.5 

12.8 12.5 I0 - -2 .3  
64.1 61,9 10.7 - 3,4 

135 135 8.5 0 
231 245 4.3 + 6 . 1  

3.32 3.23 21.2 - 2 . 7  

13.4 13.6 13.2 + 1.5 
67.0 67.0 12.4 0 

133 138 9.8 + 3 . 8  

232 252 3.8 + 8.6 

Urhae 
Do-Dic lo renac  34.3 32.8 3.2 -- 4.4 
(I.S. = D : D )  858 860 5.8 + 0 . 2  

bo-Diclofenac 34.6 37,5 4.7 + 8.4 
(I.S. = 5-CID) 864 848 7.5 -- 1.9 
D.:Diclofenuc 32.9 36.0 8.5 + 9,4 

(I.S. = 5-CID) 823 829 7.6 + 0 . 7  

" D , - D  = D4-dic lofenac;  5 -CID = 5-chlorodiclofenac. 

Limit o f  quantitation 
The limit o f  quantitation in plasma and urine was estimated at 3.4 nM (1 

ng/ml) for Do-diclofenac using D4-diclofenac as internal standard with a coeffi- 
cient o f  variation (C.V.) o f  8.1% in plasma. It was estimated at 3.3 nM (ca.  1 
ng/ml) for Do-- and D,-diclofenac using 5-chlorodiclofenac as internal standard, 
with a C.V. o f  ca.  20% in plasma. A C.V. lower than 13% was otained for Do- 
and D4,diclofenac in plasma for a concentration o f  13 n M  (ca.  4 ng/ml). 

Limit o f  detection 
The limit o f  detection of  Do-diclofenac using D4-diclofenac as internal stan- 

dard was estimated by processing plasma samples (1 ml) spiked with different 
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Fig. 4. Limit of detection: selected-ion current prolile at m/= 305; extract fi'om I ml of plasma spiked witi~ 
333 fmol of Do-dielol'enae :rod 168 pmol of D4-dielofenac. 

a m o u n t s  o f  Do-dic lofenac  f rom 133 to 3332 fmol  and  a cons tan t  a m o u n t  o f  168 
pmol  o f  in ternal  s t andard ,  t ak ing  into account  the isotopic cont r ibut ions .  

After  correct ion o f  the da ta  for isotopic cont r ibut ions ,  tile signal at m/z 305 
f rom Do-dic lofenac was non-exis tent  for a concen t ra t ion  o f  133 p M  D0-diclofe- 
nac. This  signal  appeared  at a concen t ra t ion  of  333 p M  Do-diclofenac.  

A selected-ion current  profile at m/z 305 ob ta ined  f rom ! ml  o f  h u m a n  p lasma  
spiked wi th  333 fmoI (106 pg) o f  Do-diclofenac and  168 pmol  (54 ng) o f  D4- 
d ic lofenac  is shown in Fig. 4. 

In p lasma,  the l imit  o f  detect ion was found to be 333 p M  (106 pg/ml)  o f  
Do-diclofenac,  and  a s ignal- to-noise  ratio o f  6 was found to be appropr ia te  for 
the lowest detectable  a m o u n t .  

Selectivity 
All known  hydroxy la t ed  metabo l i t e s  were derivat ized and  injected under  the 

same condi t ions  as Do-diclofenac.  They  were clearly seoarated f rom diclofenac.  
3 ' -Hydroxy- ,  4 ' -hydroxy-  and  5-hydroxydic lofenac  showed the same molecula r  
ion at m/z 335 with different  re tent ion times. 3 ' -Hydroxy-4 ' -me thoxyd ic lo fenac  
and  4 ' ,5 -d ihydroxydic lo fenac  showed the same molecu la r  ion at m/z 365 wi th  
different  re tent ion times. 

Typica l  selected-ion cur ren t  profiles f rom a mix ture  con ta in ing  Do-diclofenac 
and  five metabol i tes  are shown in Fig. 5. 
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Fig. 5. Example o f  selected-ion current  profile obta ined f rom a mixture o f  the dimethyl indol inone deriv- 
atives of  Do-diclofenac and its five metabolites. 

Application 
The present method was used to determine plasma concentrations of un- 

changed diclofenac (Do- and D4-) and the urinary excretion of total (free + 
conjugated) D4- and Do-diclofenac after application of  Voltaren Emulgel applied 
simultaneously under occlusive dressing as deuterated diclofenac sodium and 
without occlusive dressing as unlabelled diclofenac sodium. 

Fig. 6 shows the plasma concentration curves of  unchanged Do- and D4-diclo-. 
fenac and the cumulative urinary excretion of  total (free + conjugated) Do- and 
D4-diclofenac. 

These results show that application of  Voltaren Emulgel under occlusive dress- 
ing leads to an increase in the amount  of  diclofenac absorbed. 

C O N C L U S I O N  

The proposed technique permits the quantitative assay of Do-diclofenac, using 
D4'diclofenac as internal standard, in plasma and urine at concentrations down 
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Fig. 6. Plasma concentra t ions  (A) and cumulat ive ur inary excretions (B) o f  D o- ( O )  and D4-diclofenac ( x ) 
in one heal thy subject af ter  s imultaneous applicat ion o f  Voltaren Emulgel under  occlusive dressing as 
deutera ted diclofenac sodium and without  occlusive dressing as unlabelled diclofenac sodium. 

to 3.4 n M ,  wi th  a l imit o f  detect ion o f  333 pM.  T h e  technique  is also suitable for 
the sirr.,~Itaneous determinat ion  o f  Do-  and D4-d ic lo fenac ,  us ing 5-chlorodic lofe-  
nac  as internal  s tandard,  for the per formance  o f  pharmacok ine t i c  studies  in 
which  b o t h  c o m p o u n d s  are adminis tered s imul taneous ly  to the same individual  
by two  different routes  and]or  as two different preparat ions .  
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