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CETYLSALICYLIC ACID ( ASA) has been A used for the treatment of rheumatoid 
arthritis for many years. Until recently, 
however, no methods have been available 
for the direct measurement of ASA in body 
fluids. Therefore, most of the data on the 
metabolism and distribution of ASA have 
been obtained indirectly by measuring 
salicylic acid, the metabolic product of the 
hydrolysis of ASA. A recent report indi- 
cated that when a relatively stable plasma 
salicylic acid level is maintained in patients 
with rheumatoid arthritis, the concentration 
of salicylic acid in the synovial fluid does 
not exceed that in the p1asma.l No similar 
data on ASA levels in the plasma and 
synovial fluid of such patients have been 
reported. 

In a recent study on the kinetics of ASA 
disposition in marl: we employed a spe- 
cific and sensitive gas-liquid chromato- 
graphic technic which permits the direct 
measurement of small quantities of ASA 
in the presence of high concentrations of 
salicylic acid? In the present study this 
method was used to assess the distribution 
of ASA in the plasma and synovial fluid of 
patients with rheumatoid arthritis. For this 

purpose the concentration and rate of dis- 
appearance of ASA was determined by in 
vitro and in vivo measurements. 

MATERIALS AND METHODS 
Subjects. The study group consisted of 7 pa- 

tients with definite rheumatoid arthritis as defined 
by Ropes et a1.,4 all of whom had knee joint ef- 
fusions requiring arthrocentesis. At the time of 
study the patients were fasting and had omitted 
all medications for the preceding 6 hours, except 
one patient (O.D.) who inadvertently took 10 
grains of aspirin 2% hours previously. 

Assay Technics. The methods used for assaying 
plasma levels of ASA by gas-liquid chromatog- 
raphf and salicylic acid by spectrophotofluoro- 
metry6 have been described in detail previously. 

For gas-liquid chromatography, the plasma 
sample is extracted with ether and a silanizing 
reagent is added. The peak height ratio of the 
trimethylsilyl derivative of ASA to an internal 
standard (dibutyl maleate) is measured on a gas- 
liquid chromatograph. The concentration of ASA 
is determined by comparing the peak height ratio 
with that obtained for a known standard assayed 
the same day. The technic was modified slightly 
for synovial fluid. To obtain consistent results, it 
was necessary to add 5 times as much silanizing 
reagent. We were unable to determine the chem- 
ical reason for this requirement. 

Procedures. For in vitro determinations speci- 
mens of joint fluid were obtained by arthrocen- 
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tesis from 3 patients. After the addition of sodium 
heparin as anticoagulant, the specimens were cen- 
trifuged to remove cellular material and placed in 
an incubator at 37 C. A saline solution of ASA 
(U.S.P. ), 10 mg. per 100 ml., was added to each 
to make a final concentration of 1 mg. of ASA 
per 100 ml. At frequent intervals 0.5 ml. aliquots 
were removed and placed in tubes. To inhibit 
further hydrolysis of ASA to salicylic acid, potas- 
sium fluoride was added and the tubes were placed 
in dry ice until the time of assay. A control prep- 
aration containing physiologic buffer in place of 
synovial fluid was assayed similarly. 

For in viuo studies, 4 patients were given 10 or 
20 grains of ASA in the form of a solution of 
buffered ASA-citric acid. Samples of blood and 
synovial fluid were collected simultaneously at 15 
and 30 minute intervals during the succeeding 2 
hours from 3 patients; a single specimen of syno- 
vial fluid was obtained from the fourth patient 
All samples were collected in tube,s containing 
heparin and potassium fluoride. They were kept 
at O C .  until centrifuged and then stored in dry 
ice until analyzed. 

RESULTS AND DISCUSSION 

To verify the accuracy of the method, 
samples of plasma and synovial fluid con- 
taining known amounts of ASA and sali- 
cylic acid were assayed by gas-liquid 
chromatography. Calibration curves plotted 
from the data were linear for both plasma 
and synovial fluid. As shown in Fig. 1, as 
little as 0.5 pg. of ASA per ml. could be 
measured accurately in the presence of 100 
pg. of salicylic acid per ml. 

The rate of disappearance of ASA from 
synovial fluid in vitro was determined by 
gas-liquid chromatography or spectro- 
photofluorometry. The 2 methods gave 
essentially identical results. The rate of dis- 
appearance, expressed as biological half- 
life, was determined from a semilogarithmic 
plot of ASA concentration against time as 
shown in Fig. 2. In determinations on 
synovial fluid from 3 patients, the half-life 
of ASA averaged 131 minutes (range, 121 
to 141 minutes); the half-life of ASA in 
physiologic buffer was 17 hours. In  com- 
parison, the average half-lives of ASA in 
whole blood and plasma from normal 
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Fig. 1.-Calibration curve for acetylsali- 
cylic asid (ASA) in the presence of salicylic 
acid (100 Gg. per ml.) in plasma and synovial 
fluid based on data obtained by gas-liquid 
chromatography. The curve is linear for both. 

TIME IN MINUTES 

Fig. 2.-Semilogarithmic plot of the bio- 
logic half-life of acetylsalicylic acid (ASA) in 
vitro in synovial fluid from a patient with 
rheumatoid arthritis. 

volunteers, derived in previous studies in 
our laboratory,5 were 32 and 66 minutes, 
respectively. * These results show that cell- 
free acetylesterases capable of hydrolyzing 
ASA are present in synovial fluid. The 
enzyme activity in the synovial fluid, how- 
ever, is much less than that in whole blood 
or plasma. 

The in vivo studies demonstrated that 
ASA is present in the synovial fluid of 

* Preliminary studies on blood from rheumatoid 
patients have given values in the normal range. 
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Table 1.-Drug Levels in Plasma and Synovial Fluid of Patients with Rheumatoid 
Arthritis at Various Intervals after Zngestion of Acetylsalicylic Acid (ASA) 

Dose of ASA Concentration (pg./ml.) 

(grains) 30 min. 45 min. 60 min. 90 min. 120 min. 
Patient ASA 

- 
O.D. 20 

Plasma 13.8 7.5 3.4 0.9 
Synovial fluid 3.0 7.6 5.4 3.2 2.2 

M.D. 10 
Plasma 7.5 4.2 2.5 0.6 
Synovial fluid 1.9 4.0 2.9 2.6 

Plasma 12.9 7.2 0.8 
Synovial fluid 4.8 6.4 3.6 

Plasma 10.5 4.0 0.9 0.3 
Synovial fluid 1.4 

M.S. 20 

T.E. 20 

rheumatoid patients taking normally pre- 
scribed amounts of the drug. The maximal 
concentration of ASA in the synovial fluid, 
however, was about half that attained in 
the plasma (Table 1) .  Plots of ASA levels 
against time (Fig. 3 )  showed that the con- 
centration of ASA in the plasma rose rap- 
idly after oral administration of the drug, 
reaching a peak at about 20 minutes. The 
rate of disappearance was rapid; the av- 
erage half-line of ASA in the plasma was 
16 minutes. In the synovial fluid the con- 
centration of ASA did not reach a peak 
until 45 minutes after ingestion of the 
drug, and the half-life averaged 36 min- 
utes. As shown in Fig. 3, the descending 
slope of the plasma concentration curve 
passed through the peak of the synovial 
fluid concentration curve, indicating that a 
precursor-product relationship of the first 
order exists for ASA between the first com- 
partment, blood, and a second compart- 
ment, synovial fluid. The concentration 
differentials between the 2 compartments 
can be accounted for by passive distribu- 
tion phenomena. 

After reaching peak level, the concentra- 
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Fig. 3.-Drug concentrations in plasma and 
synovial fluid from one patient (O.D.) after 
ingestion of 20 grains of acetylsalicylic acid 
(ASA). Zero time is 2% hours after the patient 
had inadvertently taken 10 grains of aspirin. 

tion of ASA in the synovial fluid remained 
much higher than the plasma concentration 
( Fig. 3 ) .  Since appreciably higher concen- 
trations of ASA can be sustained in the 
synovial fluid, the plasma drug concentra- 
tions in patients taking ASA may not reflect 
actual tissue levels. 

SUMMARY 
To study the distribution of acetylsalicylic acid (ASA) in the plasma and synovial 

fluid of patients with rheumatoid arthritis, ASA concentrations were measured di- 
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rectly by a gas-liquid chromatographic technic. Measurements in vitro and in vivo 
demonstrated the presence of ASA and acetylesterase activity in the synovial fluid. 
The maximal concentration of ASA achieved in synovial fluid in vivo was about half 
the peak plasma concentration. After peak concentrations were reached, the synovial 
fluid level remained appreciably higher than the plasma level and decreased at a 
much slower rate. 

SUMMARIO IN INTERLINGUA 

Le nivellos de acido acetylsalicylic (ASA) in le plasma e le riquido synovial de 
patientes con arthritis rheumatoide esseva mesurate directemente per medio de 
chromatographia a gas e liquido. Studios in vitro e in vivo demonstrava le presentia 
de ASA e de activitate de acetylesterase in le liquido synovial. Le Concentration maximal 
de ASA in liquido synovial esseva circa un medietate del concentration maximal in le 
plasma. Post que le concentration maximal esseva attingite, le nivello in le liquido 
synovial remaneva notabilemente plus alte e persisteva notabilemente plus long0 que 
le nivello in le plasma. 
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