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A simple method, for the. quantitative analysis of salicyiic acid in blood serum is 
described. A liquid-liquid chromatographic system, consisting of a longchain eliphatic 
amine as the stationary phase and dilute ac&eous petchloric acid EIS the mobile phase, enables 
the dkct injection of deproteinized serum into the system, No change in the chromate- 
graphic propert+s of the system we not@ed after 2000 injections of deproteinizeci serum. 

Quantitative analysis is possible &ing peak area or p&z height measure me&s. The 
method has a high precision: relative stazidard deviations of 0.4% and 5% are found for sam- 
ples containing 10 I% and 10 ng injected salieylic acid respectiveiy. The detection limit is 
found to be about 1 ng slicylic acid, corresponding to 40 ppb* salicylic acid in serum. 

Sim~~eously adminktexd drugs such as indomethacin, acetykakylie acid, caffeine 
and phenacetin, and metabolites of salieyk acid do not interfere with the anaIysis. The time 
kxn-se of t@e co&en&&ion oi &li&lic acid in see is demonstrated after oral administra- 
tioti of 1 g sodium&alicyIate_ The phase system was also found to be suitable for the analysis 
of salicylic acid in Urine. 

The favourable effect of aspirin in general and of sodi& salicyke in partic- 
ular as a medicine for the treatment of rheumatism is commonly accepted Cl]. 
As F re+t, of the. very shoti_hti-life ~of,e.spirin (ASA) in man [2] and the rapid 
excretioti of possibly formed metabolites [3,4], salicylic acid (SA) has to be 
.c~~&ed as ‘&e_&ive.compotid. 
_ _~. A. kpid determintki~n of SA in se& is e&ential for the adjustment of a 
a&Ii&ion sc&dule. This adjustment is nec&sary & order. to find a.&itable 
_compro@se be@- +e therap+ic act+ and unfavou+le’side e&e+ [5]_ 

*Througixout this artide, the American biBion (LOP) is meant. 
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Usually, laborious extraction procedures are applied prior to the color&net& 
or fiuorimetric determination of SA [6;7]. Recently;, gasiiquid chromato- 
graphic (GLC) methods for the simultaneous determination of ASA and SA in 
biological fluids have been. described ]2,8}. However;. timeconsuming e&&c- 
tions and derivatization are necewary in these methods. High-performance 
liquid chromatography (HPLC) has proved to be an excellent method for the 
determination of non-volatile acidic compounds in body fluids [9-II]. Until 
now, some papers have appeared dealing with the analysis of ASA, SA and 
other constituents in tablet preparations of these drugs -by HPLC 112; 131. 

In the present paper a rapid determination of SA in deproteimzed serum 
using high-pressure liquid-liquid chromatography with W detection is 
described. 

The HPLC equipment consisted of: reciprocating membrane pump (Grlita 
Dhrlp 1515, Giessen, G.F;R.); flow-through manometer as damping device; 
stainless-steel 316 precohmm (350 mm X 10 mm I.D.); high-pressure sampling 
valve (Valco CV-6-UHPa) with a loop of 135 41; thick-walled glass column 
(150 mm X 3 mm I.D., 12 mm 0-D.) or stainless-steel 316 column (150 mm X 
3 mm I.D., 6.4 mm 0-D.); W detector (variable wavelength, Zeiss PM 2 DLC, 
Zeiss, Oberkochen, G.F.R.); linear potentiometric recorder (Goertz, Servogor 
542) combined with an integrator (Spectra-Physics Autolab System I). 

In orderto resist the acidic medium all co~mections were made of stainless- 
steel 316 capillary tubing and stainless-steel Swagelok couplings. The experi- 
ments were carried out at room temperature. The wavelength was adjusted to 
235m.n. 

Materials 
In ti experiments double&&i&d water was used. Tri-n-octylamine (TGA) 

was from Fluka (Buchs, Switzerland). As solid support for the glass column 
diatom& (5-7 m_ Kieselguhr, Merck, Darn&$&, G.R.F.). was used, and for 
the stainless-steel column low-surface-area silica (4-6 & &her& XOC 005, 
Rb&e-Poulenc, Neuilly-sur-Seine, France) was used. Materials of appropiate 
particle size range were prepared by means of an air cla&fier (Alpine MZR, 
Augsburg, G.F.R.). Spherosil XOB 015 (100-200 m, Rh&e-Poulenc) was 
used as solid support for the precolumn. All chemicals were commercially 
available and of an&&al grade. 

Procedures 
-. :. 

Cbating &tcedure. The solid supports were coated by a solvent evaporation 
technique. To 1 g solid support 0.04 g- TOA dissolved in 10 ml dichloro- 
methane was added. After stirring the slurry, the djchloromethane was removed 
by evaporation while stirring undera stream of dry nitrogen until the support 
was completely dry. -. .- 

Facking procedures. The- glass -columnS were&y&eked with coat&d diato. 
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mite: SmaH-portions of about. 10 mg coat@ suppdrt Were put into the glass 
tube and compressed by hand with a teflon-tipped phmger. 

-The sf&niess-skel ~columns were packed by a high-pressure &rry te&nique 
using a packing apparatus -as shown. in Fig. 1, The column was connected to a 
metaIl.ic mixing- vessel f&d with. a~ slurry of coated Spherosil XOC 005 in 
0.05 M aqueous perchloric acid (2%, w/w) saturated with TOA. The slurry ww 
pumped upward intO the column at-a liquid stream of 3 mI/min up to a pres- 
sure of 500 atm. : 

waste 
A 
I 

-4$ porous metallic frit 
(2-5 pm) 

column 

sofvent 

extension c= a 

n manometer 

. slurry reservoir 50 ml 
. 

‘magnetic stirser 
Q 

pump 

Fig. 1. Apparatus for slurry packing procedures in HPLC_ 

The precolumn was loosely dry-packed tith Spherosil XOB 015 coated with 
TOA (105% w/w). Before use 250 ml of the efuent were pumped through in 
order to saturate the stationary phase -with percbloric acid. 

Mobile phase prepamtion. The mobile phase was prepared by diluting a 
weighed amount, of perchloric acid (70%, w/w) with doubledistilled water. The 
ehtent was saturated with TOA and ultrasonicated to remove air. 

Sample prepma fion. In Al experiments centrifuged (10 min, 300 g) 
blood se=, free of exogenous compounds, was used. Batches of serum were 
stored in a deep-freeze. 

To deproteinize 0.2 ml serum was mixed with 1 ml 0.3 M perchloric acid 
(pH 0.7) in a plastic centri&ge tube (10 mI)_ After 10 min tie proteins were 
removed by centrifugation (10 min, 300 g). The supernatant was injected 
dire&y into the column using a sample loop of 135 fi volume. The loop was 
rinsed with water after each injection to prevent contamination and memory 
effects. 

RESULTS AND DISCUssfoN 

Phizse system 
: 

The de&nGnation of SA in serum Was i.nvestigated using a I!iquid--Iiquid 
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system consisting of TOA as the stationary phase and dilute aqueous perchkic 
acid as the mobile phase [ld,l5]. .i _. - .:. 1. _ 

The most simple method for the analysis of SA should-be direct injection of 
diluted serum into the chromatographic system_ In practice,- however, this re- 
stricts the tihoice of the mobile phase as precipitation occursat pH C 3, thus 
blocking the column. . . 

Direct injection of 3O-times- diluted serum, using 0.05 M Ii&& + 0,055-M 
Na, HPO,, (pH 5.5) as the mobile phase, seriously disturbed the chron~a&raphic 
system as a result of the very large background. Repeated injections gave rise to 
baseline drifts and column blocking probably caused by precipitation of pro- 
teins at the top of the column, 

The serum must therefore be deproteimzed before injection. This prevents 
precipitation of proteins and significantly improves the background. This al- 
lows, moreover, the use of a more acidic eluent. This is favourable as the depro 
teinization can be performed with HC104 of such concentration that the super- 
natant’has an identical pH and anion concentration as the eluent, while the 
dilution of the sample is kept minimal. 
For this reason 0.25 M HC104 (pH O-7) was chosen as the mobile phase, As 
shown in Fig_ 2, with this phase system SA can be separated from residual 
serum Compouucls within six minutes. 

Quaniitaative aspects of the method 
Tlxe influence of serum constituents on the -quantitative analysis of §A was 

investigated. A constant volume (135 d) of solutions of SA inthe eluent or in 
the supematant of deproteinized serum was injected intO the column and the 

0 2 4 6 
min + 

Fig. 2. An&& of SA in deprotetied serum. 
Phase system 4% (w/w) TOA on Kkse~.25 M HclO,, pH 0.7. Glass ‘=lump, 150 X 
3mm;injectionvolume135pl, Ap= lOObar. _. . ._: 
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peak areas were measured. The relative- standard deviation of the chromato- 
graphic procedure was found to be 0.4% (~20) for injections of a standard 
solution of SA (4 &ml) in the eluent; No difference could be noticed between 
the Jinear regressions of peak area versus injected amount obtained with SA 
dissolved in the eluent or in deproteGzed serum. Both linear .regressions 
showed an equal slope over the range lW20.000 ng SA with a correlation co- 
efficient of 0.9999. 

Relative standard deviations of -0.4% and 5% were found for samples con- 
taining 10 g and 10 ng injected SA,respectively (n=4). 

To investigate the effect of deproteinization on the recovery of SA, known 
amounts of SA dissolved in water were added to serum before deproteinization. 
The recovery of SA varied betwe& 90% in the a range to 85% in the ng range. 
The recovery can be increased to 90-97%. by washing the precipitated proteins 
two times with 1.2 ml eluent. In the determination of SA in serum after depro- 
teinization there was a linear relationship between peak area and amount of SA 
injeted over the range‘lQ_20$00 ng, with a correlation coefficient of 0.9999. 
SinczJthe same relative standard deviations were found as for SA dissolved in 
the eluent, the reliability of the method is not affected by the deproteinization. 

Since the peak of SA in the phase system-TQA-HClO~ is very symmetrical, 
peak heights instead of peak areas can be used for quantitative analysis, The 
linear regmssion of peak height versus amount of SA injected measured within 
the range 20-10.000 ng showed a correlation coefficient of 0.9999, indicating 
a high degree of linearity. 

The detection limit of SA, defined as 3 times the standard deviation of the 
n&e, is found to be about 1 ng_ This corresponds with 40 ppb SA in serum for 
the given injection volume of 135 fl, the largest volume that can be injected 
without loss of column efficiency. 

Simultaneously administered drugs such as caffeine, phenatietin and ASA do 
not disturb the .analysis of SA since they are well resolved &om SA_ 

Fig. 3 shows the analysis of serum from a human subject, analysed 45 min 
after oral administration of 200 mg ASA, phenacetin and caffeine. 

SA and a little phenaceti were found while caffemeand possible residues of 
ASA, compounds ehrted befon;SA, disappear into the serum background peak, 

The phase system used was found also to be suitable for the analysis of SA in 
urine;The urine of the subject was colh&ed 24 h after drug administration as 
above, Fig. 4 shows the presence of SA and phenacetin when the urine is in- 
jected directly into the cohmm. 
I. The background can be improved by successive extractions of the urine with 
hexane at pH’ 10 (discard the hexane layer) and with diethylether at pI-i 1 
(discard the water layer). After evaporation of the diethyletber the extract is 
dissoIved in the ehzent [15]. : 

Improvement. of the resolutions of SA and- phenacetin can be achieved by 
mod&Q&g the- mobile phase (0.05 M- EICZO~j pH 1;5 instead-of 0.25 M HcIo4, 
pH 0.J) p&q_ ‘. :: : .-. 

._ Iri --order to .-investigate the. time course of -SA, the se& of a rheumatic 
patient was e xanxined.- The. patient was fasted overnight and a blood sample & 
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Fig. 3. Chromatogram of deproieinized serum, taken 45 mim'a&& oraladminktrationoP 
200 mg ASA(aspirin),phe~cetin,andcaffeine.ConditionsasinPig,2.1 =Sezuurback- 
gmund+caffeinetASA;2=phenacetin;3=Sk : 

Fig.4.Directinj~onoiurinecolrectcd2--4hafteroraladminHtration df 2OOmgc&eine, 
ASAandphenzt+&~.C+xiitionsasin Fig. 2.1 aad2=Urinebackgroixzxd;3=phena&eti; 
4=Sk 

then taken_ Blood samples were &seque&~ taken at t&e inM&.s of Y&l, 2, 
3%, 6 and 8 h after an oral adminktitkm of 10 ml medicine containing 1 g 
sodium saIicyIate_ No heparin or cikak was added to the blood samples befoe 
centr&gation (10. min, 300 g). In accordance:with the results of others Cl], 
an exponent&I decrease iu the SA concentration :in serum was. found, as de 
monskated in Fig; 5. At the most sensitive detector attenuation (0.02 a.u.f_s.) 
no metabolites of SA could be detected-.in the ~chromatdgrams of the samples. 
Considering the more polar- character of .tbese possible metabolites it might be 
assumed that they are not retained by the phase system used. If one is inter- 
ested .in- pqticular metabolites, the phase. System .TOA-Na$IPO~~ClO~, 
pH 5.5 is more suitsable. as the retention at this p&I can be inflrrenced- by. the 
anionconcentration [14,15]. :: : ..: _.-... 

It was noticti that a higher percentage of SA waS found -whe@ heparin was 
added to the blood sample before centrifugation (probably ._as a .xesult of 
adsorption of -SA at the &cl). In blood plasma. (heparin add@). 8% more 
SAwasfoundthaninserum. . . “. ., T 

For rhemnatic patients, indomethakk &ed ,‘:, n&&ne.combine&-wit& 
sodium salicyI~~_. [6,16]. &ecentiyi HFLC analysis of iudomethacin in @asma 
has been- -ported 2 Cl?& However, ,SA .was left out of cpnsideration__~Tb~~phsse 
system used in the present paper showed a very large &pa&q ratio for~indo- 
~_e@acip, &I .orckr Jo determine indgmethacin and SA.&m&aneousI~,:&lum~ 
switctig or qdd&on of~m&&nof;tq the eke& t-151 is-& w; -. .,_ : .: .-=“_: 
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Fig.5.Tkecourseof SAinsemmaBeroraladmmatra - i tionoflgsodium~la~. 

‘. 

CONCLi.JSIONS 

0nly asmall amount ofblcmd senm is requked to determine salicylic acid 
down to theppblevelbymeansofdirectinjectionofdeprotein&dseruminto 
the chromatographicsyst6m. 

Themethodis simpleand~ble.Manysamples~behandledinashort 
time. The phase system showed remarkable stability and no change in the 
chmmatographic phope&ies wasnoticed after 20QOinjectionsofdepmtetied. 
semm.These quaIificationsfavourroutineanalgsis_ 

Futane research will be devoted to the simultaneous determination of 
salicylicacidandindomethacin. 

The authors g&ef8!ly thank~of.Dr_ G-den Boefforvaluablediscussions, 
We me indebted to Dr. F.W_J. Gribnau,University ofNijmegen,The Net&r- 
@xd.s,fOr the blood samples andto Merck,Shap andDohmeforthegiftof 
indomethzcin. 
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