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ABSTRACT 

Our present array of nonsteroidal anti
inflammatory drugs (NSAIDs) pro
vides many more avenues for the long
term management of rheumatic dis
ease. Their clinical efficacy notwith
standing, these drugs possess signifi
cant iatrogenic potential. These risks 
are typified by aspirin side effects, 
basically gastrointestinal, hematologic, 
and thrombopathic. Most of the 
NSAIDs share these liabilities. How
ever, there is now wider appreciation of 
recent findings that nonacetylated sali
cylates, particularly salsalate, * provide 
the benefits of aspirin and other 
NSAIDs but not their dangers. Salsa
late is a prototypic drug of this class; it 
is reviewed in detail with appropriate 
comment concerning its present and po
tential clinical contributions to anti
rheumatic therapy. 

INTRODUCTION 

The most significant clinical develop
ment in the management of inflamma
tory joint disease lies in the evolution of 

*Trademark: Disalcid® (Riker Laboratories, Inc., 
Northridge, California). 

nonsteroidal anti-inflammatory drugs 
(NSAIDs). This evolution has grown 
apace with that of enhanced under
standing of the immunopathogenesis of 
rheumatic disease, classically modeled 
by rheum_atoid arthritis. A salient 
achievement of NSAIDs is a general re
duction of the limiting side effects seen 
with standard aspirin therapy. 

However, the rapid emergence of 
these newer agents has produced a 
schism among clinicians. Many still 
favor aspirin as the primary agent in the 
management of rheumatoid arthritis, 
but a growing number of clinicians are 
considering newer NSAIDs for initiat
ing treatment in these patients. The first 
group considers aspirin to be the most 
effective drug for long-term manage
ment of this disease; the second group 
lauds the clinical efficacy and safety of 
newer NSAIDs, as well as improved pa
tient compliance with treatment guide
lines. 

This divergence of clinical opinion 
has led to renewed evaluation of non
acetylated salicylate preparations as a 
major alternative. Among these, salsa
late (salicylsalicylic acid) has gained in
creasing support. In clinical trials it has 
been proven effective and especially safe 
in the management of patients with 
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rheumatoid arthritis or other inflam
matory joint disease. Although tech
nically classified as an NSAID, salsa
late does not share, as do most drugs in 
this class, the in vitro propensity to in
hibit prostaglandin biosynthesis (Fig
ure I). The efficacy of salsalate prob
ably derives from its behavior as a pro
drug of salicylic acid-the active moiety 
of all salicylate formulations-and 
leads to important safety considera
tions. Chief among these are lack of 
major gastrotoxicity or bleeding and 
thrombopathic effects. Thus the clini
cian is freed of concern about the prin
cipal shortcomings of regular aspirin 
treatment. 

Salsalate, in contrast to several new
er NSAIDs, seems to provide better pa
tient tolerance and equal clinical effi
cacy in management of rheumatoid 
arthritis. 1 Armed with these data, phy
sicians treating rheumatic diseases 
should consider four basic questions 
when choosing as drug for the manage
ment of a patient with arthritis: 1) Is the 
drug effective in all critical areas of 

management (e.g., pain, inflammation, 
joint dysfunction)? 2) Is it safe? 3) Does 
it have a high risk-benefit ratio? and 4) 
Is it cost-effective compared with other 
drugs? Affirmative answers to the first 
three questions are possible with salsa
late. In the context of all nonsteroid 
anti-inflammatory drugs (Figure 2), in
cluding precursors of salicylic acid, only 
aspirin is less expensive. 

The choice of the appropriate drug, 
although extremely important, is only 
part of a holistic approach to the man
agement of rheumatoid arthritis. The 
use of physical modalities (e.g., heat, 
range of motion exercises, local and sys
temic rest, and hydrotherapy) also rep
resents a fundamental element of man
agement at all levels of disease activity 
and extent of joint destruction. So
called remitting agents (Table I) -
chloroquine, gold salts, D-penicillina
mine - are slow acting and seek to re
duce synovial-based inflammation. 
These drugs should be used in concert 
with NSAIDs in any complete treat
ment program. Immunoregulatory 
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Figure I. Some nonsteroidal anti-inflammatory drugs (NSAIDs) modify or inhibit 
biologic mediator activity in addition to exerting possibly more direct in
fluence on acute and chronic inflammation. 
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Figure 2. Nonsteroidal anti-inflammatory drugs (NSAIDs). 

drugs, such as azathioprine, cyclophos
phamide, chlorambucil and levamisole, 
are restricted to use in patients who 
have failed to respond to the aforemen
tioned agents. 

Table I. Remitting and immuno
modulation drugs and experi
mental techniques. 

Remitting Drugs 

Hydroxychloroquin sulfate 
Chrysotherapy 
Penicillamine 
Zinc-histidine 

Immunomodulation Agents 

Immunosuppressives 
Cyclophosphamide 
Chlorambucil 
Azathioprine 

Immunostimulants 
Levamisole 
BCG 
Transfer factor 

Experimental 
Thoracic duct drainage 
Plasmaphoresis 
Radionuclide synovectomy 

Corticosteroids are usually reserved 
for rheumatoid arthritis patients dem
onstrating serious extra-articular fea
tures of the disease (e.g., rheumatoid 
lung disease and vasculitis) or acute 
exacerbations uncontrolled by 
NSAI Ds. Intra-articular steroids are 
particularly helpful in reducing pain 
and inflammation when only a few 
joints remain symptomatic. From surgi
cal research has evolved an increasing 
array of reconstructive procedures and 
prostheses to relieve pain, correct joint 
deformities, and restore functional 
capabilities in those patients with major 
limitations secondary to severe articu
lar destruction. 

The complete scheme of the man
agement of arthritis patients incor
porates the various roles of allied 
health professionals. We cannot over
emphasize the contributions of physi
cal therapists, occupational therapists, 
clinical social workers, clinical psy
chologists, and nurses trained in the 
management of the arthritis patient. 
Only by a judicious integration of each 
of these resources can a full impact be 
made in arthritis care. Toward that end, 
the following review will focus on ad-
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vantages and disadvantages of primary 
treatment of these patients with non
acetylated salicylate formulations, par
ticularly salsalate. 

CHEMISTRY 

Salsalate is a stable, white crystalline 
powder that melts at 140 C. Chemi
cally, it is a dimer of salicylic acid in 
which the carboxyl group of one mole
cule is covalently linked to the hydrox
yl group of a second molecule (Figure 
3A). Its commercial synthesis is carried 
out by several methods using salicylic 
acid as the starting material. 

Salsalate can be considered as a pro
drug of salicylic acid, since in vivo the 
dimer is readily hydrolyzed to two 
molecules of salicylic acid (Figure 3B). 
It is, however, more resistant to hydro-
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lysis than aspirin at the physiologic pH. 
The ester group of salsalate apparently 
does not transesterify proteins, as hap
pens with the acetyl ester in aspirin 
(Figure 3C). This may explain its lack 
of platelet effect or other hemotologic 
perturbations, as discussed in the sec
tion on safety. 

The acid strengths of salsalate, sali
cylic acid, and aspirin are very similar. 
Their solubilities at neutral or acid pHs, 
however, are quite different. Salsalate is 
only one twentieth as soluble as aspi
rin. Because of this lower solubility, sal
salate is less likely to interact with the 
gastric mucosa than is salicylic acid or 
aspirin. 

Salsalate becomes solubilized and ab
sorbed in the basic media of the small 
intestine. The delay in absorption as a 
result of gastric insolubility2•3 may ac-

a , cc·· 
OH 

B) SALICYLIC ACID (SA) 

Figure 3. Hydrolytic cleavage of salsalate and aspirin molecules. 
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count for the somewhat delayed peak 
time of circulating salicylic acid levels 
following single-dose administrations. 

PHARMA CO KINETICS 

Wide familiarity among pract1t10ners 
with the clinical use of aspirin facili
tates understanding of salicylic acid de
rivatives, which are generally thought to 
provide most of the advantages of aspi
rin without the unwanted side effects. 
Salsalate, a prototypic salicylic acid de
rivative, was originally formulated to 
achieve this objective.4 

Absorption 

As mentioned, ingested salsalate is 
virtually insoluble in acidic gastric 
fluids (less than 0.1 mg/ml at ph 1.05) 
and is readily soluble in the small intes
tine. Although it is a weakly acidic 
drug, there is no tendency for it to pre
cipitate in acidic media; rather, it is 
maintained in a state of supersatura
tion by the gastric fluids. 6 Salsalate 
hydrolysis is known to begin intra-
1 uminally, although Hicklin7 considers 
the extent of intraluminal hydrolysis to 
be negligible. This accords with Nord
qvist's earlier view8 that the molecule is 
at least partially hydrolyzed by intra
vascular esterases. The drug, either in 
tablet or capsule formulations, provides 
similar peak plasma concentrations of 
both unchanged salsalate and salicylic 
acid. In addition, the time required to 
attain peak concentrations and steady
state levels is also similar.9 Salsalate is 
thought to undergo continuing hydro
lysis during transmucosal transit, as 
Humphreys 10 has shown with other sali-

CLINICAL THERAPEUTICS 

cylates. Unchanged salsa late contin
ually undergoes hydrolysis to salicylic 
acid in all body fluids (Figure 4). 

During the absorptive phase, plasma 
salsalate and salicylic acid concentra
tions rise more slowly than plasma 
levels of the more soluble salicylates. 
Goff' 1 has shown this clearly in studies 
with rats, where 100 mg single doses of 
salsalate and aspirin were compared by 
following blood levels for 24 hours after 
administration. Corroborative stud
ies12,13 in man (Figure 5) show this same 
general relationship of salsalate to more 
soluble salicylates after single-dose ad
ministration. These studies merely con
firm that salsalate has significantly 
slower absorptive characteristics after a 
single dose. However, Fixley et al. 14 

noted that for chronically administered 
drugs the amount absorbed is much 
more crucial than rate of absorption. 
After repeated dosing with salsalate, no 
clinically significant differences occur in 
steady-state blood concentrations be
tween salsalate and the more soluble sa
licylates. 7, 15-20 This is borne out by re
cent studies of Dromgoole et al. 21 No 
statistical difference was observed in the 
steady-state plasma salicylic acid levels 
after molar equivalent doses of aspirin 
(5 gm daily) and salsalate (3.6 gm daily) 
were administered for five days. Con
sequently, areas under the curve of 
plasma concentration versus time 
(AUC), although slightly higher fol
lowing aspirin, were also similar. 

Apparent differences in blood levels 
between salsalate and other salicylic 
acid pro-drugs are explainable. On a 
milligram-for-milligram basis, 20 ,22 

salsalate provides higher blood concen
trations than does aspirin. However, 
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Figure 4. Proposed scheme for salsalate absorption, metabolism, and excretion. 

when studied on the basis of molar 
equivalents of salicylic acid, salsalate 
shows about a 15 to 20% lower salicylic 
acid concentration than aspirin, 1 s,2 1,23 

suggesting that some salsalate follows a 
metabolic pathway other than hydro
lysis to salicylic acid21 (Figure 4). In 

practice, therapeutic concentrations of 
salicylic acid are achieved by titration, 
irrespective of its precursor (Table II). 

Metabolism 

Although an early study by Hanzlik 
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Figure 5. Comparative blood levels (man) of salicylic acid from salsalate and two 
highly soluble salicylate formulations 

and Presho3 demonstrated only negli
gible intraluminal hydrolysis of salsa
late, the possibility of transmucosal 
metabolic change of the molecule is not 
precluded. Nevertheless, Nordqvist24 

has purportedly shown that 30 to 40% 
of the total concentration of salicylates 
in the blood is unhydrolyzed salsalate. 
Although both salsalate and aspirin are 
apparently well absorbed into the sys
temic circulation, aspirin is acted upon 
more rapidly by esterases and first-pass 
hepatic excursions; indeed, 32% of the 
drug is lost during its passage through 
the liver. 25 On the other hand, ester 
bonding of salsalate in whole blood and 
plasma is disrupted more slowly than 
that of aspirin. Further, salsalate hy
drolysis occurs more slowly in whole 
blood than in plasma, and this may in 

part explain observed differences in the 
biological half-life of these two parent 
drugs. 26 The half-life of salicylic acid is 
the same despite its origin. These ob
servations indicate that hepatic clear
ance, vascular and extravascular de
gradation, and elimination are less 
rapid for salsalate than for aspirin. 

Assuming no further drug absorp
tion, salicylic acid either rapidly con
jugates with glycine (to form the major 
salicylic acid metabolite) or enters an
other slower conjugation-excretion 
route. (Figure 6). 27 These events are 
well documented and need no addi
tional comment here. However, a recent 
study by Dromgoole et aJ2 1 has revealed 
the presence of a glucuronide conjugate 
of intact salsalate in urine and plasma. 
Expressed as the percentage of total 
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Table II. Steady-state salicylic acid (SA) blood levels reported by various investigators. 

Pro-drug Dose* 

Reference SSA 

Jeretin 15 3.0 gm/day 
French and Mildonzo 3.0 gm/day 
Santillan1~ 4.0 gm/day 
Dromgoole et aJ.Z 1 3.6 gm/day 
Paulus et al. 31 -
Cohen 53 3.0 gm/day 
Leonards 16 3.0 gm/day 
Liyange and Tambar 19 3.0 gm/day 

*SSA = salsalate; ASA = acetylsalicylic acid. 
**Means of three days. 

ASA 

3.9 gm/day 
3.306 gm/day 
4.2 gm/day 
5.0 gm/day 
4.0 gm/daytt 
3.9 gm/day 
4.2 gm/day 
3.6gm/day 

Steady-
State Day 

4-6** 
3 
3 

12 
3 
5 
8 

14 

Mean Blood Level Elimination 
SA (mg%) half-life SA 

SSA ASA SSA ASA 

IS.I 25.8 5.1 4.4 
19.49 18.3 *** *** 
32.02 25.68 t t 
22.5 26.2 - -

- 16.2 - 6-16:j: 
15.9 17.4 - -

:j::j: :j::j: - -
13.5 12.9 - -

Subjects/ 
Patients 

Subjects 
Subjects 
Subjects 
Patients 
Patients 
Subjects 
Subjects 
Patients 

***Elimination rate/hour for SSA = 0.498 mg%; ASA = 0.73 mg%. These were less than theoretical rates for arthritis patients (i.e., 0.83 
mg%/n) reported by Paulus et al. 31 T½ not calculated. 
tElimination rate/hour for SSA = 0.837 mg%; ASA = 0.562 mg%. T112 not calculated. 
tt65 mg/kg/day. · 
:j:Serum levels 10 to 26 mg%, respectively. 
:j::j:Serum levels (not reported) stated by author to be "of the same order of magnitude." 
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urinary salicylate, the salsalate-me
tabolite ranged to as much as I 3% (Fig
ure 6). 

Protein binding (especially al
bumin27) accounts for 50 to 80% of 
plasma salicylic acid, although the free
drug concentration may change in pro
portion to serum albumin changes, as in 
rheumatoid arthritis. Unchanged pro
drug and its various metabolites at cer
tain concentrations may compete for 
available binding sites, each moiety 
having different binding characteris
tics. This is probably dose-concentra
tion related; Smith28 found unbound 

cc· 
C•O 

SALSALATE 6 

0""" 
cc:-,~ 
ASP!Rlrl ~ 
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plasma salicylate to increase with dose. 
Similarly, urinary elimination varies in
versely with an increase in plasma pro
tein concentration. 29 

Salicylic acid does not follow first
order kinetics: Its biological half-life in
crea~es with dose. Levy30 and Paulus31 

have shown that such capacity-limited 
metabolism can increase usual salicylic 
acid half-life from about 3.5 hours to as 
long as 30 or more hours. Thus dosage 
frequency can be reduced from three or 
four times daily to twice daily when 
adequate steady-state blood levels are 
attained. 

(I-
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,OH 
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Figure 6. Known metabolism of salsalate, aspirin, and salicylic acid. Recent study 21 

has revealed a new metabolite of salsalate (salsalate glucuronide). 
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Distribution 

Volume of distribution is a function 
of: I) the ester bond, 2) protein binding, 
3) ionization, and 4) pH of body fluids 
and tissues. Absorbed salicylates are 
widely distributed to all body tissues. 27 

However, Nordqvist 32 and Jeretin 15 cite 
differences in distribution between as
pirin and salsalate, with faster rates for 
the nonacetylated compound thought to 
account for lower AUC values. 21 , 23 This 
may be due either to a shift of intact 
salsalate into other body compart
ments or to its prompt conjugation with 
glucuronic acid. 

Salsalate has an affinity for tissues 
that synthesize mucopolysaccharides 
( especially connective tissue and carti
lage.' 3 It was shown by A berg and Lars
son33 to be superior to aspirin for in
hibiting in vitro absorption by cartilage 
of SJ sulphate-a test of antirheumatic 
effect. However, the study by Drom
goole et al. 21 revealed no differences be
tween aspirin and salsalate; the volume 
of distribution was 11.2 liters and 11.0 
liters, respectively, with no statistically 
significant difference noted. 

Excretion 

Salsalate is excreted primarily by the 
kidneys in the form of small amounts of 
unchanged drug, a glucuronide con
jugate, salicylic acid, and various sali
cylic acid metabolites (Figure 4). As 
with aspirin and other salicylic acid pro
drugs, salsalate excretion is influenced 
by the presence of kidney disease, in
hibitors that compete for the transport 
system in the proximal tubules (e.g., 
probenecide, para-aminohippurate, and 
acetazolamide, 27 and urinary pH 
changes toward alkalinity. 

MODE OF ANTIRHEUMATIC ACfION 

Because of the wide use of aspirin and 
other salicylic acid pro-drugs in rheu
matic diseases, their anti-inflamma
tory actions are coming under increas
ing scientific investigation. Such study 
has presented a conceptual grasp of the 
pertinent physiologic events. Horan 34 

noted that acute inflammatory edema 
develops phasically over about a three
hour period. The first p!;iase, 30 minutes 
to one hour, is mediated by histamine 
and serotonin, and the transudate is 
cell- and protein-poor. At one hour it 
becomes richer in granulocytes and pro
tein and is thought to be mediated by 
kinins (perhaps partly as a result of 
polymorphonuclear cells). Prosta
glandins (PG) may mediate the re
sponse at three hours; indeed, it was 
noted by Zurier35 in a carrageen edema 
preparation that PGEi appeared at 
three hours and was maximal at 12 to 
24 hours. A fourth mitotic phase char
acterizes repair of the injury. 

Aspirin is active only in the delayed 
phases, after one hour. The exact mech
anism is unknown, but the wealth of re
cent data regarding this drug's demon
strable inhibition of cyclooxygenase and 
prostaglandins synthetase must certain
ly be involved. Salsalate, with clinically 
comparable antirheumatic actions, does 
not exert similar inhibition during in 
vitro tests, but the likelihood still exists 
that such inhibition may be exerted in 
vivo by its metabolite (i.e., salicylic 
acid). Indeed, Hamberg36 has shown 
that sodium salicylate and aspirin are 
equally effective in suppressing prosta
glandins formation in man. 

This does not suggest any unanimity 
of findings correlating inhibitory effects 
on prostaglandin biosynthesis with anti-
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inflammatory activity. In certain ani
mal models, aspirin and nonacetylated 
salicylates do not behave similarly in 
this regard. 34 ,37,38 However, in carra
geenin-induced rat paw edema, virtual
ly all NSAIDs are active. But Glenn et 
al. 37 reported an interesting dissocia
tion: Both phenacetin and acetamino
phen do not inhibit prostaglandin bio
synthesis yet are equipotent to aspirin in 
anti-inflammatory action in this test. 

These recent reports have not quieted 
the considerable speculation and differ
ing views concerning the biochemical 
mechanisms by which NSA IDs act as 
anti~inflammatory agents. Earlier 
hypotheses proposed effects on oxida
tive phosphorylation, 39 leukocyte 
migration,40 lysosomal membrane sta
bilization,41 and other suggested mech
anisms described by Ferreira. 42 In addi
tion, there is no evidence that NSAIDs 
are effective through production of 
endogenous steroids by pituitary
adrenal stimulation. In 1971, Vane43 

drew attention to prostaglandin bio
synthesis, following his discovery that 
aspirin-like drugs inhibited potent 
biochemical mediators of inflamma
tion. He found that most NSAID~ with 
known clinical antirheumatic activity 
had correlative effects in several in vitro 
and in vivo prostaglandin tests. These 
effects are presumably mediated by 
inhibition of cyclooxygenase and syn
thetase. 

A discrepant finding of early in vitro 
experiments, as noted above, showed 
that nonacetylated salicylates, including 
salsalate, did not inhibit the prosta
glandin enzymatic system. In response, 
Willis et al.44 advanced the idea that 
salicylic acid in vivo must be converted 
to an "active metabolite" possessing 

CLINICAL THERAPEUTICS 

these desirable inhibitory qualities. But 
efforts thus far to identify this metab
olite have not succeeded. Possibly, the 
active metabolite is salicylic acid itself, 
as suggested by Smith, 38 in accordance 
with Hamberg's above mentioned 
report 3(, that prostaglandin biosyn
thesis is equally suppressed by aspirin, 
sodium salicylate and indomethacin. 
Smith 38 and Vane45 recently exchanged 
views on the anomalous behavior of 
salicylic acid in in vitro prostaglandins 
tests (i.e., lack of enzyme inhibition). 
Both investigators allow that salicylic 
acid may exert anti-inflammatory ef
fects other than those mediated through 
the prostaglandin system. 

Further distinctions between acety
lated and nonacetylated salicylate drugs 
are observed in platelet function 
regulated by the prostaglandins. Non
acetylated forms do not inhibit platelet 
function (see Safety below) whereas 
about one fortieth of the effective anti
rheumatic dose of aspirin irreversibly 
acetylates platelet cellular cyclo
oxygenase. Active enzyme returns with 
a time course reflecting platelet turn
over (approximately 8.2 days46) and 
may indicate an effect on megakaryo
cyte cyclooxygenase. Thus aspirin is 
unique among NSAIDs. It is the only 
drug to irreversibly inactivate prosta
glandin enzyme systems by transfer of 
its chemically labile acetyl group 
(transacetylation) to a protein com
ponent of this system.47 This effect may 
cause the prolonged bleeding time and 
gastrointestinal blood loss widely 
reported after aspirin use; in contrast, 
even high antirheumatic doses of non
acetylated salicylates apparently do not 
share these liabilities. 
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SAFETY 

Toxicity 

Oral administration of salsalate or 
aspirin to MMRI mice indicated that 
the LD5o was in the same range for both 
drugs, at least 20 times an average daily 
dose. Child et al. 48 gave both drugs by 
oral and subcutaneous routes to rats. 
Determinations of the LD5o were 
similar, as was gross pathology, despite 
the route of administration. Using Shay 
rats, these investigators then evaluated 
potential gastric irritation liabilities for 
salsalate, aspirin, and placebo. Results 
indicated a greater protective action by 
salsalate against gastric ulcer produc
tion. Long-term comparative tera
togenic studies by Eriksson49 concluded 
that the fetus-damaging effects were not 
different for salsalate, aspirin, and 
sodium salicylate. Phillips 50 has demon
strated a clear dose-related gastrointes
tinal bleeding response in dogs given the 
equivalent of one, two or three 5-grain 
tablets twice daily. Other symptoms of 
toxicity attributable to salicylic acid are 
essentially the same, irrespective of the 
precursor drug used. 

Laboratory 

Unlike NSAIDs in general, pro
longed use of salsalate is not regularly 
associated with blood or urological ab
normalities. The lack of acetylation re
duces both sensitivity rea<::tions and the 
induced alteration of plasma proteins 51 

with its consequences. So-called trans
aminitis or salicylate hepatitis, an oc
casional complication of salicylate 
therapy, 52 has not been detected in any 
clinical trials with salsalate. Indeed, 

significant laboratory abnormalities 
with this agent are the exception. 
Cohen 53 reported that two subjects in 
his study had elevated SGOT values 
while taking placebo; these abnormal 
values gradually returned to normal 
during and following subsequent treat
ment with salsalate. A recent study by 
Golje54 with 18 rheumatoid arthritic pa
tients provides further evidence of 
safety. Salsalate was taken for three 
months at recommended doses. Eleven 
patients who completed 12 weeks of 
follow-up had mean transaminase 
values of SGOT 13.09 units/ml and 
SGPT 12.45 units/ml (Sigma Frankel 
units). 

Salsalate is not only virtually free of 
gastric bleeding liability, 4,5, 16, 19,53,55 but 
also appears to cause none of the hema
tological changes of aspirin.4·5 In addi
tion to lack of any apparent adverse im
pact on the gastrointestinal tract, sal
salate does not alter platelet aggrega
tion or bleeding time. 13,14 Estes 56 re
cently studied a small group of rheu
matoid and osteoarthritis patients (in
cluding one patient with lupus erythem
atosus) to evaluate potential salsalate 
effects vs those of aspirin and placebo 
on bleeding time and platelet aggrega
tion. Patients had been on long-term 
salsalate therapy. Bleeding time was de
monstrably prolonged and platelet ag
gregation impaired following aspirin 
but not after salsalate or placebo. Thus, 
as Hume suggests, 57 salsalate might be 
used instead of aspirin in circum
stances where there is any tendency to 
gastrointestinal or genitourinary bleed
ing, in the presence of anticoagulant 
therapy, or prior to surgery of the cen
tral nervous system. Also, Salick 58 has 
noted no significant hematologic 
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changes during one month of careful 
observation of rheumatoid arthritis pa
tients taking salsalate. 

Clinical 

The safety and efficacy of salsalate 
promote compliance and enhance the 
doctor-patient relationship because a 
degree of clinical response can be ex
pected. Even arthritic individuals with 
peptic ulcers seem able to tolerate sal
salate without the bother of also taking 
antacids, which add significantly to the 
difficulty of controlling blood salicyl
ate levels. The lack of acetylation of the 
salsalate molecule reduces certain al
lergic phenomena, such as skin rash, an
gioedema, asthma, and nasal polyps. If 
acetylated proteins are antigenic, as 
Farr postulated, 59 then such "anti
gens" may work in concert on immu
nological mechanisms with aspirin 
anhydride, an impurity present in many 
aspirin preparations now available. 60 

Jeretin 15 also scores the allergenic po
tential of this anhydride but suggests 
that more recent aspirin formulations 
are free of this contaminant. 

Preliminary clinical experience with 
salsalate in patients with lupus ery
thematosus and juvenile rheumatoid ar
thritis has turned up no evidence ofliver 
toxicity. 61 However, nonacetylated sal
icylates have produced laboratory 
changes indicative of such toxicity. In 
this regard, the lack of transaminitis 
cited above is encouraging, as is the im
pressive safety record shown for salsa
late in numerous clinical efficacy trials 
in the United States and in Europe. 
Large multicenter trials conducted in 
these two areas found salsalate particu
larly well tolerated in terms of gastro 
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intestinal effects; more than 90% of 
1,283 mostly arthritic patients were free 
of such complaints. 62 , 63 

Commenting on salsalate safety, 
Liyanage and Tambar 19 compared it 
with aspirin and placebo in 20 patients 
with osteoarthritis of the hip or knee. 
Salsalate and aspirin produced com
parable clinical improvement and se
rum salicylate levels, but salsalate was 
significantly better in terms of side ef
fects and gastrointestinal blood loss. 
Fecal blood loss from aspirin is appar
ently independent of HC I. St. John and 
MacDermott64 found significant blood 
loss in both patients with pernicious 
anemia and control patients. 

In one of the multicenter trials62 with 
salsalate less than 4% of patients had 
detectable fecal blood (not controlled 
for dietary intake, gum abrasion from 
toothbrush, etc.). Hicklin 7 noted that 
even patients with detectable blood in 
their stool became negative during 
treatment with salsalate. Further con
trolled studies by many investigators 
here and abroad confirm empirical clin
ical observations that salsalate has far 
less predilection for gastric irritation or 
erosion than aspirin and perhaps other 
salicylates as well (Table III). 

CLINICAL EFFICACY 

Available data concerning clinical ex
periences with salsalate in almost 2,000 
patients who were mostly arthritic sug
gest several important facts useful to 
doctors concerned with long-term man
agement. The effective daily dose of sal
salate is, on average, 3 gm. This dose 
consistently provides steady-state blood 
levels of salicylic acid of approximately 
IO to 30 mg (Table II) but, as Paulus31 
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Table III. Gastrointestinal blood loss studies conducted in animals and man by various investigators. 

Plasma Con-
Subjects/ No. of centrations of 

Reference Species Method Patients Patients Drugs* /Dose Salicylic Acid Results 

Aberg67 Guinea Visual and - 24 ASA/ I 00 mg/kg - Mucosa! erosions/animal: 
pigs photographic SSA/JOO mg/kg ASA 31.6, SSA 0.9 

Aberg67 Guinea Direct: - 25 **/I 00 mg/kg - Mucosa! erosion/animal: 
pigs microscopic ea. ASA 31.9, SSA 2.4, CaASA 10.4, 

NaSal. 5.0, Salicylamide 2.4 

Thune~ Man Modified: Patients 22 ASA/3.0 gm/day - ASA > SSA-difference 
benzidene SSA/3.0 gm/day statistically significant 

Edmar55 Man X-ray Subjects 8 ASA/4.0 gm/day - ASA produced widespread 
gastro- SSA/4.0 gm/day erosions; SSA, minor changes in 
camera one subject 

Cohen 5J Man 51 Cr-tagged Subjects 20 ASA/3.9 gm/day 17.4 mg%*** ASA> placebo (P < 0.01) 
RBCs SSA/3.0 gm/day 16.0mg% SSA = placebo 

Liyanage and Man - Patients 20 ASA/3.6 gm/day 12.9 mg% ASA > SSA (P < 0.02)t 
Tumbar19 SSA/3.0 gm/day 13.5 mg% 

Leonards 16 Man 51 Cr-tagged Subjects 12 ASA/4.2 gm/day tt ASA > placebo-difference 
RBCs SSA/3.01 gm/day statistically significant 

SSA = placebo 

* ASA = aspirin; SSA = salsalate. 
**SSA vs ASA, Ca ASA, Na salicylate, salicylamide. 
***Day 5, 12 hours after last dose. 
tFour patients positive for fecal blood on placebo reverted to negative while taking SSA. Another four became positive on ASA, and of these 
three became negative while taking SSA. 
ttSerum levels were "same order of magnitude." 
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and others clearly point out, attain
ment of such concentrations of salsa
late is best achieved by individual titra- · 
tion of daily dosage. 

An acceptable daily dosage is well 
within the tolerance of most patients, as 
was clearly indicated in two large multi
center trials in mostly arthritic pa
tients. 62,63 If patient compliance is 
linked to drug efficacy, as Rooney et 
al.65 suggest,61 the 92 and 96% rates 
found in these two studies augur well. 
Virtually every clinical study reviewed 
(Table IV) concluded that salsalate and 
aspirin were therapeutically equivalent. 
This conclusion is augmented by a fairly 
unanimous judgment of investigators 
that salsalate is fairly safe when com
pared to other salicylates. These two 
observations indicate the drug is suited 
for the intense and prolonged treat
ment required in managing arthritic pa
tients. 

In addition to comparable clinical ef
fectiveness with aspirin, salsalate has 
several important advantages. Fewer 
significant side effects related to the 
gastrointestinal tract permit greater 
confidence in the presence of peptic ul
cer or other irritative disorders of the 
gastric mucosa, or in the treatment of 
patients with asymptomatic gastroin
testinal disease. Safe use of the drug be
fore and after surgery results from its 
demonstrated lack of adverse hemato
logic effect. Improved control of night 
pain and morning stiffness combine 
with a simplified daily dosage schedule 
to improve patient compliance, so vital 
to any successful management of these 
disorders. 

PERSONAL CLINICAL EXPERIENCE 

The role of NSAIDs in management of 
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a group of 15 patients was reviewed 
with respect to the number of different 
agents used and the efficacy /toxicity ra
tio of each. All 15 patients had taken 
full-dose aspirin for a mean period of 
3.6 months, with maintenance of serum 
salicylate levels between 20 and 28 
mg%. Twelve of the 15 patients experi
enced limiting side effects ranging from 
tinnitus and transient deafness to 
nausea and epigastric pain. Stool 
guaiacs were positive in every patient 
and peptic ulceration complicated ther
apy in one patient. Because of side ef
fects aspirin use was abandoned, and 
each patient was administered various 
other NSAIDs under close supervision 
for trial periods averaging 1.5 months. 
All such drugs were discontinued for a 
variety of reasons including the follow
ing: 1) recurrence of gastrointestinal 
and/or CNS symptoms (epigastric 
pain, flatulence, headache, and unusual 
disturbances); 2) worsening of synovitis 
and increased morning gel phenome
non; 3) edema and weight gain; 4) major 
GI bleeding with endoscopic evidence of 
erosive gastritis. 

Salsalate was subsequently pre
scribed for these patients in daily dos
ages ranging from 2 to 4 gm. After an 
average of six months, 12 of the 15 pa
tients reported improvement: shorter 
duration of morning stiffness, decrease 
in the number of painful, swollen joints, 
increase in grip strength, and general 
enhancement of well-being. 

Two additional rheumatoid arthritis 
patients not included in this group of 15 
were initially found to have classic 
problems with respect to management. 
A 54-year-old woman with severe sero
positive, nodular-erosive rheumatoid 
arthritis developed upper gastroin
testinal bleeding with radiographic 
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corroboration of gastric ulcerat10n. She 
had been taking only acetaminophen. In 
addition to suffering serious side ef
fects, her joint symptoms were not 
measurably improved. Salsalate was be
gun in a divided dosage of 3 gm per day. 
After a year of therapy her joint dis
ease was well controlled with no recur
rence of gastrointestinal bleeding or 
symptoms. The other patient, a 62-
year-old woman with known severe 
coronary artery disease and rheuma
toid arthritis, was given concomitant 
warfarin and salsalate at the full daily 
recommended dose. Close monitoring 
of prothrombin times revealed no in
terference of salsalate with her antico
agulant therapy. 

Experience with both patients bears 
out what has been well established in 
the literature: the safety of salsalate 
with respect to gastrointestinal ulcera
tion and bleeding, and a lack of clin
ically significant interaction with long
term use of anticoagulant drugs. Glob
al assessment of these rheumatoid ar
thritic patients with chronic active syno
vitis lends clinical support to the re
ported efficacy of salsalate in major in
flammatory joint disease and suggests 
remarkable safety and tolerance. 

QUESTIONS AND ANSWERS 

Some pertinent questions relevant to 
this topic are answered below. 

Are there any elements of rheumatoid 
arthritis that predict a severe disease 
course? 

Certain, discrete prognostic markers 
should alert clinicians to the possibility 
of more severe disease: rheumatoid 
nodules, generally seen in 20 to 50% of 
RA patients; high titer of rheumatoid 
factor; persistent high sedimentation 

rates; and development of extraarticu
lar lesions. Particularly alarming are 
systemic implications of rheumatoid ar
thritis-extraarticular disease; pleur
itis, pericarditis, iridocyclitis, pneu
monitis, and digital infarction-which 
often spell systemic necrotizing vascu
litis and are grave findings. In my ex
perience, males with onset of classic 
nodular-erosive rheumatoid arthritis 
with high titer rheumatoid factor activ
ity in serum are the greatest challenge. 

Should all rheumatoid arthritic pa
tients in remission while on chrysother
apy have treatment discontinued? 

There is an emerging concept that 
chrysotherapy should be continued on a 
low-dose maintenance level once re
mission is achieved. Also, according to 
the Empire Rheumatism Council 
Study, 68 the old 20-week standard 
course of gold usually will not induce 
sustained remission of disease activity. 
Accordingly, I suggest continuing gold 
injections, barring toxicity (i.e., derma
titis, mucosa! ulcerations, hema
turia/proteinuria, and hemopoietic dis
turbances), ultimately changing from a 
regimen of 50 mg intramuscularly (IM) 
per week to one of 50 to 100 mg IM per 
month (maintenance level). 

What is known of the pathogeneses of 
rheumatoid arthritis? 

Rheumatoid arthritis is a classic 
model of autoimmune disease. An ini
tiating event, possibly of viral cause, 
leads early to the local alteration of na
tive IgG in the environs of the synovial 
membrane. This appears to elicit a plas
macytic response with subsequent pro
duction of antialtered IgG, IgM rheu
matoid factors. Complexes of rheuma
toid factor and lgG form and elicit 
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Table IV. Salsalate (SSA) clinical efficacy reported by various investigators. 

Daily Pro-drug 
Dose* 

No. of ASA 
Reference Diagnoses Patients SSA (other) Results Side Effects Comments 

Nordqvist 8 RA,OA, 96 3.0gm 3.0gm Comparable, less Less GI with SSA 30-day trial. Longer 
other morning stiffness duration of SA** blood 

with SSA levels with SSA 

Thune4 RA,OA 22 3.0gm 3.0gm Significantly less GI - Therapeutic efficacy 
with SSA not evaluated n 

Deodhar RA 15 3.0gm 75.0 gm Both drugs significantly Comparable between I-week crossover trial t: 
et al. 1 ( classical) (indo- better than placebo drugs & placebo z 

meth- in most indices 
n ;.. 

acin) r 
-l 

Liyanage OA (hip, 20 3.0gm 3.6gm Comparable ASA > SSA (in- 2-week crossover trial ::c: 
m 

& Tambor 19 knee) eluding blood loss) ::-: 
;.. 

Regaldo66 RA,OA, 66 3.0gm - ~1arkedimprovement Mostly dyspepsia 6-week trial 
..,_, 
m 

other in joint pain and C: 
-l 

morning stiffness () 
rn 
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(Multi- RA,OA, 
clinic61 ) other 

Re6: RA,OA, 
other 

Droomgoole RA (hos-
etaP 1 pitalized) 

Hicklin 7 RA,OA 

Hicklin7 OA 

* ASA = acetylsalicylic acid. 
**SA = salicylic acid. 

1,181 3.0gm 

102 3.0gm 

6 3.6gm 

61 3.0gm 

20 3.0gm 

***Dinunisal, a nonionizing salicylic acid precursor. 

5.0gm 

-

0.5 gm 
( dill uni-
sal)*** 

75% efficacy Present in 27% 4-week trial. Marked "C 
tTl 

67% efficacy 

improvement in pain and -l 
tTl 

stiffness (morn./night) 
;:c, 

:-l 
Present in 24 15-day trial. Only 2 of !!: 
patients 54 patients monitored z 

had demonstrable fecal Cl 
r 

blood loss. tTl 
-l 

Comparable > GI complaints 7-day crossover trial. (SSA 
0 _z 

with ASA dose may be increased owing '-

owing to lower bioavailability) ?' 

Satisfactory pain High incidence 4-week trial 
relief (mostly salicylism) 

Comparable Minor 2-week trial with SSA 
versus 4-week trial 
with diflunisal. Data 
biased against SSA. 



complement activation. Chemotaxis of 
inflammatory polymorphonuclear leu
kocytes ensues with immune adherence 
of the complex and phagacytosis. The 
formation of lysosomal vacuoles about 
the immune complex eventually leads to 
rupture of the PMN cell membrane, re
leasing multiple Iytic enzymes on ar
ticular cartilage. Erosion of cartilage, 
pannus formation, and ultimate de
rangement of joint function follow. This 
general scheme simplistically explains 
part of the pathogenetic mechanism in 
rheumatoid arthritis. 

The vicious cycle of autoimmune 
aberrations precipitating acute and 
chronic inflammation has histopatho
logic correlates: chronic synovitis, rheu
matoid nodulosis, erosive destruction of 
cartilage, and the demonstration of im
mune complexes (RF and CJ) in the 
synovial membrane. Cellular immune 
dysfunction, too, participates in the per
petuating cycle of chronic synovitis, as 
seen in the model of rheumatoid arthri
tis. Through refinement of knowledge 
based on our concept of pathogenesis, 
we may better understand and control 
these local and systemic immunologic 
dysfunctions. 

Should anti-inflammatory agents be 
used with gold or D-penicillamine in the 
patient with rheumatoid arthritis? 

Absolutely yes. We consider anti-in
flammatory drugs the primary step as 
well as the backbone of chronic ther
apy programs in rheumatoid arthritis. 
Where there is uncontrolled synovitis 
and steady progression of disease activ
ity, we turn to the "remitting" or "slow
acting" therapeutic agents. This group 
comprises antimalarials, gold salts, D-

CLINICAL THERAPEUTICS 

penicillamine, and immunosuppressive 
drugs. I suggest that anti-inflamma
tory drugs are an essential part of the 
management of patients throughout the 
natural history of their disease. Slow
acting agents, including D-penicilla
mine, represent a complementary ex
tension of anti-inflammatory treat
ment in a holistic approach to drug 
therapy aspects of management. 

Where does salsa/ate fit i~ the scheme 
of drug therapy for arthritic patients? 

A long-standing concept of manage
ment in patients with rheumatoid ar
thritis and degenerative joint disease is 
that aspirin represents the initial ap
proach to drug therapy. This remains 
true in 1980, with some qualifications. 
The vast majority of patients treated 
with aspirin dosages sufficient to 
achieve serum salicylic acid levels be
tween 15 and 30 mg% experience some 
degree of side effects, principally gas
trointestinal. I have also found that 
many patients have great difficulty tak
ing full-dose aspirin and will admit to 
very poor compliance. 

When there is intolerance to aspirin, 
poor patient compliance, or major con
traindications to aspirin usage (i.e., pep
tic ulcer disease or anticoagulant drug 
therapy), I have used salsalate as the 
primary drug therapy. Most of these 
patients had satisfactory clinical im
provement and found it easier to com
ply with prescribed dosage regimens. 
Thus re-emergence of nonacetylated 
salicylic acid derivatives as alternatives 
to aspirin therapy in the intolerant pa
tient is a great step forward. 

Is salicylate therapy ever effective in 
other rheumatic diseases such as sys-
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temic lupus erythematosus? 
Yes. Salicylates have been consid

ered the cornerstone of management, 

not only in rheumatoid arthritis and de
generative joint disease, but also in 

acute rheumatic fever and mild sys
temic lupus erythematosus. Lupus pa
tients regularly present arthralgia as a 
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