
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

The Simultaneous Assay of Naproxen and Salicylic Acid in Serum Using
High Pressure Liquid Chromatography
R. F. Burgoynea; P. R. Browna; S. R. Kaplanb

a Department of Chemistry, University of Rhode Island, Kingston, Rhode Island b Brown University
Program in Medicine The Roger Williams General Hospital, Providence, Rhode Island

To cite this Article Burgoyne, R. F. , Brown, P. R. and Kaplan, S. R.(1980) 'The Simultaneous Assay of Naproxen and
Salicylic Acid in Serum Using High Pressure Liquid Chromatography', Journal of Liquid Chromatography & Related
Technologies, 3: 1, 101 — 111
To link to this Article: DOI: 10.1080/01483918008060157
URL: http://dx.doi.org/10.1080/01483918008060157

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918008060157
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 3(1), 101-111 (1980) 

THE SIMULTANEOUS ASSAY OF IiAPROm AND SALICYLIC ACID 
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ABSTRACT 

A rapid,  sensitive, reverse-phase high pressure Uquid chro- 
matographic assay waa developed fo r  the simultaneous determination 
of naproxen and salicylic acid. There compounds are extracted ' 

rram serum and then separated on a reverse-phase column using an 
acidif ied methanol eluent.  Uti l izat ion of a flaw-through fluo- 
rescence detector in aer ies  with a var iable  wavelength micro-W 
detector enhances the rens i t iv i ty  of the aasay.  Application of 
the aasay t o  therapeutic levels of the dru@ i n  hrrmen serum is 
demonstrated. 

DTRODUCTION 

Haproxen (I) , (+)-6-methoq-a-methyl-2-naphthalene-acetic 
acid, waa developed by Harrison, e t  al. (1) and its chemistry and 
pharmacology characterized by Doriman (2)  a t  Syntax Research. 
lnitial c l in i ca l  studies parrormed on laboratory axaimah (3-5) 
and h- (5 -8)  indicate tha t  naproxen possesses potent analgesic 
and ant ipyret ic  act ivi ty .  The is rapidly and c q l e t e l y  ab- 
rorbed and peak p l a s m  level8 a t ta ined  within two hours of  o r a l  
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10 2 BURGOYNE, BROWN, AND KAPW 

administration of the drug (9). Katona (10) and Luasier (11) 
found tha t  naproxen yielded effect ive r e l i e f  of the symptoms of 
rheumatoid arthritir. Additional studies have demonatrated the 
anti-influramtory ac t iv i ty  of napraxcn in the  treatment of osteo- 
arthrosis (12), *losing apond iu t i s  (13). and acute gout (14 ) .  
huthennore,  naproxen wm found t o  produce fewer gas t ro in tes t ina l  
r i b  errecta  than a m  conanonly found during long-term w e  o r  other 
an t i -a r thr i t ic  drugs (15.16). 

With the Increasing use of naproxen f o r  a r t h r i t i c  conditions, 

there i s  a need fo r  a rapid, sensi t ive assay of levels of the drug 
in serum to  a ld  in the  select ion of the optimum treatment regimen 
and t o  monitor compliance. In addition, the method should be 
capable of -saying sd l icy l lc  acid, the  primary metabolite of 
aspirin,  which is frequently prescribed concurrently with naproxen. 
Although naproxen l a  present in body f luids  primarily as  the par- 

ent drug (171, aspi r in  is rapidly converted t o  sa l i cy l i c  acid and 
is present in serum mainly M the  sa l i cy l i c  acid metabolite (18). 
Consequently, the determination of serum levels  of naproxen and 
sa l icy l ic  acid are important i f  the most beneficial  drug therapy 
is t o  be aelected. 

The most common methods of analysis used presently for  na- 

proxen are gas chrolnatography (19,201 and l iqu id  s c i n t i l l a t i o n  
spectrometry (21). 
s u e  l iqu id  chromatographic (HPLC) aasays were reported. Anti l la  
developed a naproxen fluorometric aasay which is highly sensi t ive 
but is incapable of simultaneous determinations o f  naproxen and 
salicylic acid (22). Using KPLC, Thompson and Collins (23) de- 
veloped a gradient e lut ion Ion-exchange chromatographic procedure 

for  mewu=lng urinary metabolic prof i les  of naproxen. 
verse-phsse HPLC is e m i e r  t o  use and hss more ver sa t i l i t y  for  

monitoring druga and t h e i r  metabolites (241, Westerlund and Theo- 
dorsen (25) wed t h i s  mode t o  study the retention behavior of 
three naphthaleneacetic acid derivatives on tvo hydrophobic eup- 

ports. 

Recently, spectrofluorometric and high pres- 

Since re- 

However, the method did not include the separation of 
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SIMULTANEOUS ASSAY OF NAPROXEN AND SALICYLIC ACID 103 

naproxen from sa l fcy l ic  acid and WM not optimized for  c l i n i c a l  
studies.  

By using a revene-phuse system and optimizing the separec 
t i on  conditions, a quantitative analysis for naproxcn and s a l i -  

cyl ic  acid in serum was developed. 
f r o m  the  sa l i cy l i c  acid with high resolution in 7 minutes. Semi- 
t ive and select ive detection of the solute8 i n  the  collrmn ef f luent  
waa achieved through the use in serlca of flow-through W absorp- 
tion and fluorescence detectors. 

The naproxen vas separated 

The ident i f ica t ion  o f  chromatographic peaks i s  of par t icu lar  
Since identi- importance in HPLC analyses of biological  samples. 

f icat ions b a e d  on re tent ion time data alone can be misleading, 
additional methods of peak ident i f lca t ion  which a re  simple, rcU- 
able,  and eaai ly  amenable t o  routine analysis must be employed. 
Methods u t i l i z ing  instrumentation on line with the  chromatographic 
separation are preferred i n  order t o  eliminate fUrther handling of 
t race  quant i t ies  i n  biological samples. 
fluorescence detectors t o  monitor the column ef f luent ,  pos i t ive  
ident i f icat ions of chromatographic peaks can be obtained. 

By using micro-W and 

ADD-&- 

A Waters Associates Model ALC 202 l iqu id  chromatograph equip- 
ped with a 254 nm fixed wavelength micro-W detector was operated 
a t  ambient temperature. Variable wavelength W and flow-through 
fluorescence detectors (Schoeffel Instrument Cow. ) were used in 
ser ies  for  additional detection of the  column eff luent .  Chromato- 
gram were recorded on a dual pen recorder (Waters Associates) and 
quantitated electronical ly  by an Autolab M d g r a t o r  (Spectra-Phys- 

i c s ) .  Separations were obtained on a UBOndapak C i a  ( h  rmn x 30 a) 
reverse-phaee column. 

Reaaente and Solvents 

The analyt ical  method wa8 developed using reference standards 

of naproxen (Syntex) aad aspir in  (Glenbrook) in t ab l e t  form, 
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104 BURGOYNE, BROWN, AND KAPLAN 

acetylral icyl ic  acid (Heyden), and sa l l cy l l c  acid (Eartern Scien- 
t i f lc ) .  Pun naproxsn w u  obtained d i rec t ly  from Syntex. A l l  

aolmntr  were reagent grade except methanol (Burdick and Jackson) 
vhich WM spectral  grade. 

mc COnditiOM 

The optimal wavelengths for  the  detection of naproxen and 
sa l lcy l lc  acid were determined on the  baais of W spectra  (w 
Inatrumants) of eolutionr o r  reference standards i n  the column 
eluent. 
mlze abeorption of the standard8 and mlnlmize interferences by 
methanol. 
and with a 340 nm cutoff f l l ter .  
0.1 g acet ic  acid (70:30, v h ) ;  a f l o w  rate of 1.0 mJ./min WM 

maintained in the  iuocrat ic  mode a t  ambient temperature. The sol- 
vent mixture WM prepared daily, f l l t e r e d  through glass microfibre 
paper (Whatman) and degasred under s l igh t  vacuum. 

Peak Ident i f icat ion 

Wavelengths of 254, 240, md 235 nm were selected t o  mad- 

Tho fluorometer VM operated v i t h  exci ta t ion a t  240 nm 
The mobile pharre WM methanol- 

The peaka of naproxen and sa l i cy l i c  acid were ident i f ied  by 
a combination of methods. 
components were compared with those of reference standards. Se- 

condly, the character is t ic  absorption at different  wavelengths w a s  

u t i l i zed  by comparing the peak height ra t io8 of reference standards 
with the ra t ior  of sample components. 
waa monitored by fluorercence. 

I n i t i a l l y  re tent ion times of sample 

In addition, the eff luent  

Extraction Procedure 

Conditions fo r  the extraction of naproxen f r o m  serum were re- 
ported by AntiUa (21). 
of multiple 100 a aliquote from .serum pools contdioing 10, 25, 50, 
75, and 100 w/ml of napraxcn and saUcyl ic  acid standards. 
c e s s N  application of the procedure t o  therapeutic dmg levels  in 
serum was demonstrated by analyses of c l in i ca l  samples col lected 

from five female volunteers who were adndnistered naproxen orally 

The procedure WM t es ted  by extractions 

Suc- 
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SIMULTANEOUS ASSAY OF NAPROXEN AND SALICYLIC ACID 10 5 

on a daily basis fo r  treatment of rheumatoid arthritis. 
men of pat ient  5 included concurrent dal ly administration of 10 

aspir in  tablets. 
the c o m e  of individual regimens, processed t o  separate the serum 
from the formed elements of the blood, and the sennu immediately 

frozen. In preparation fo r  EPLC, the  berum was thawed and three 
100 aliquot8 vere removed from each sample. The drugs w e r e  
then extracted from each aliquot according t o  Anti l la ' s  procedure 
(22) and analyzed by HPLC. 

The regi- 

Blood samples were collected a t  random times in 

RESULTS. 

The KPLC method w a s  evaluated t o  detendne reproduclbil l ty 
Table 1 and l i nea r i ty  wlth respect t o  component concentration. 

presents the reproducibil i ty and peak height ratios obtained for  
a ser ies  of t en  analyses of standard solutions of naproxen and 
sa l i cy l i c  acid over a two day period. Excellent reproducibi l i ty  
and l i nea r i ty  were obtained for  reference standards in aqueous 
solution with re la t ive  standard devlations of less than 4% f o r  a l l  

samples and a coeff ic ient  of l i nea r i ty  greater than 0.95 over a 

concentration range of 1-100 pg/ml. The minimum detectable limits 

of naproxen and sa l i cy l i c  acid by W absorption detection were1 ng 
and 10 ng, respectively. Figure 1 presents the chromatogram ob- 
tained of reference stsndards monitored at absorbance wavelengths 
of 235 nm (A) and 254 run (B)  and by fluorescence (C). The detec- 
t i on  of the  eff luent  by the  fluorescence detector greatly enhanced 
the  spec i f ic i ty  and rena l t iv i ty  of the  assay. Under the fluores- 
cence conditions selected,  both naproxen and sa l i cy l i c  acid gave 
stronger detector responses and lower detection l imi t s  than those 
obtained by UV detection. Note i n  Ngure 1C t ha t  the fluorometer 
attenuation I s  1.0 LIA iull scale  compared t o  the W absorption a t  
0.02 AUFS. Since the  iluorercence detector is capable of measure- 
ments of 0.01 rull scale ,  it is therefore porslble t o  increase 
the sensitivity of detection 100 fold and t o  determine, i f  neces- 

ssry, much lower concentrations of t he  naproxen i n  the se-. 
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FIGURE 1 

(A) Chromatogram of a standard mixture of  s d c y l i c  acid 
(1) and naproxen (2) i n  0 . g  NaOH, detected by abeorbance a t  235 
nm. 

(B) 
254 nm. . 

(C) 
c i t a t ion  a t  240 nm and adasion greater than 340 11111. 

Chromatographic conditions : column; LBondapak C 1 8 ,  eluent ; 
rpcthanol-O.z acet ic  acid (70 : 30 
1. Gml/min temperature ; ambient. 

Chromatogram of the mixture  detected by absorbance a t  

Chromatogram of the mixture detected by fluorescence ex- 

v/v) , mode ; i socra t ic  , f low r a t e  ; 
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SR4lJLTANEOUS ASSAY OF NAPROXEN AND SALICYLIC A C I D  10 7 

Chromatographic peaks were ident i f led  using a combination of 
techniques. Initially the retention times of peaks of sample con+ 
ponents were compared with those obtdned  for reference standards. 
lVter tentat ive identiflcationo were made on t h i n  b s r i s ,  the ab- 
sorbance peak height ra t ios  of standards and rample camponents 
were investigated 80 tha t  more posi t ive ldent i f icat ione could be 
made. Table 1 also prerentr the data obtsined fo r  the two major 
peaks present in the chramatograme of  serum extraction products. 
Correlation of retention t h e  and peak height ratio data indicate  
the presence of naproxen and salicylic a c i d  in the  serum analyzed. 
A t h i rd  method of peek ident i f ica t ion  utilizes the  fluorescence 
character is t ics  of the rpecier of In te res t .  
through fluoreaceace detector in series vlth W absorption drtec- 
to rs ,  meaeurements select ive for  naproxen and saUcy l l c  acid were 

obtained. 

By using a flaw- 

The recovery of naproxen and saUcyl1c acid from serum was 

tes ted by a series (n-25) of extractions of known quant i t ies  of 
drug s t anda rb  added at 10-100 ug/ml level8 t o  serum pools. 
coveries of 78 i 6% of napraxen were obtained. 
yielded average recoveries of 69 f 2% fo r  s a l i cy l i c  acid tram serum 
poola. There were no interferences from other serum components in 
the HPLC analysis of naprorcn and sd l lcy l lc  acid. 

Re- 
The same procedure 

TABLE 1 
KPLC Retention Times and Peak Height Ratloa 

O f  l8Qr-n and S a l i c y u C  Acid 

Naproxen Salicylic Serum Serum 
Acid Peak 1 Peak 2 

t,. min 7.0020.12 4.4420.14 4.46f0.16 6.8220. o8* 

15 .i$o.7 2.93i0.16 2.51tO. 22 14.520.5 

/A2b0 1.69io. 06 1. ova. 05 1.2gfo.10 1.6820 65 

%tern f standard deviation 
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10 8 BURGOYNE, BROWN, AND KAPLAN 

Uaing the  procedure8 described, the  sera f r o m  f l v e  females 
vho had been adminiatered naproxen for rheumatoid arthritis con- 
di t ionr  w e r e  Maayed. 
and t he  naproxen aerum concentration8 obtained by HPLC analysis of 
t r i p l i c a t e  U q u a t s  of e8ch aaauph. 
in the levels of naproxen in the  sera of t he  5 pat ients .  
concentration in t he  re- of pa t ien t  3 WM a igni i ican t ly  lover 

than the  a e m  drug concentrationa of the  other four pat ien ts  even 
though pbtients 1 and 5 vere on lover d d l y  doaagea. 
had taken aaplr ln  concurrently wlth the  naproxen and the  a a l i c y l l c  

acid peak WM prerent in the  chromatogram of t he  serum of t h a t  

pa t ien t  (Figure 2) .  

o r  pat ient  5 w a s  20 pg/ml. 

Table 2 show the d d l y  treatment regimens 

There WM considerable range 

The drug 

Patient  5 

"he concentration of ea l lcy la te  in the  serum 

CONCLUSIONS 

The reverse-phase HPLC method described for routine determin- 
a t ions of serum levels of naproxen and salicylic acid can be use- 
fu l  i n  the c l i n i c a l  laboratory. Since it is f a s t ,  sens i t ive ,  and 
reproducible, the data obtained CM be valuable t o  the  clinician 
i n  monitoring compliance and i n  individualizing a program of  op- 
timal drug therapy f o r  each pat ient .  

f u l  in phannscokinetic r tudies  and can be adapted for assays of 

other biophrrmaceuticals u e d  in the  treatment of rheumatoid arth- 

ritis. 

The aesw w i l l  a l so  be use- 

TABLE 2 

laproxcn D a i l y  Dose Levels Serwn Concentrations 
Patient Daily Dose(=) Obtained by HPLC Analysis 

1 500 30.021.8* 

2 750 54.923.3 
3 750 2l.921.3 

4 750 44.152.6 
5 500 56.8k2.8 

*Man 5 standard deviation 
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SIMULTANEOUS ASSAY OF NAPROXEN AND SALICYLIC ACID 109 

I 

4 

2 4 6 8 

Retention Time (min.) 

FTGURE 2 

Chromatogram of er t ract ion product from serum collected from 
a patient using naproxcn and aspir in  therapy f o r  8 rheumatoid 
h h r i t i s  condition. 
u. 

Chromatographic conditions same 98 in Figure 
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