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Abstract-Sulfasalazine is a potent antiinflammatory drug used in the treatment of ulcerative colitis. 
The mechanism of action of sulfasalazine is unknown but a recent study [W. F. Stenson and E. Lobos, 
J. clin. Inuest. 69, 494 (1982)] demonstrated that sulfasalazine, at therapeutic concentrations, blocks 
human neutrophil lipoxygenase, suggesting that its antiinflammatory effects may be mediated in part 
by the inhibition of the synthesis of the chemotactic lipids 5-hydroxy-6,8,11,14-eicosatetraenoic acid 
(5-HETE) and leukotriene Bd (LTB4). In the present study the effect of sulfasalazine on metabolism 
of exogenous arachidonic acid by human platelets was investigated. Sulfasalazine inhibited platelet 
thromboxane synthetase (~0 = 0.9 mM) and partially inhibited cyclooxygenase. A methylated analog 
of sulfasalazine also inhibited thromboxane synthetase (IC 50 = 0.3 mM) and partially inhibited cyclo- 
oxygenase. Neither of the cleavage products of sulfasalazine (5-aminosalicylate and sulfapyridine) 
inhibited thromboxane synthetase although 5-aminosalicylate blocked cyclooxygenase (1~50 = 5 mM). 
Neither sulfasalazine nor the methylated analog nor the cleavage products inhibited platelet lipoxygenase. 
This is in contrast to the inhibitory effects of sulfasalazine on neutrophil 5-lipoxygenase. The concen- 
tration of sulfasalazine in the colons of treated 
thromboxane synthetase. 

Fatty acid cyclooxygenase and n - 8 lipoxygenase 
are the initial enzymatic steps in the two pathways 
of arachidonic acid metabolism in the human plate- 
let. The sole known product of the lipoxygenase 
pathway in platelets is 12-hydroperoxy-5,8,10,14- 
eicosatetraenoic acid (1ZHPETE) which is reduced 
to 12-hydroxy-5,8,10,14-eicosatetraenoic acid (12- 
HETE). The major products of the cyclooxygenase 
pathway in platelets are thromboxane BZ (TxB2) and 
12-hydroxy-5,8,10-heptadecatrienoic acid (HHT). 
Prostaglandin EZ (PGE2) and PGF2,are also formed 
but in much smaller amounts. The production of 
HHT and TxBz can be selectively blocked by inhi- 
bition of thromboxane synthetase [ 1,2]. Aspirin and 
other non-steroidal antiinflammatory drugs have 
been found to inhibit cyclooxygenase [3] and under 
certain circumstances the lipoxygenase pathway [4]. 

Sulfasalazine is an antiinflammatory agent used in 
the treatment of ulcerative colitis. Bacteria in the 
colon split sulfasalazine into 5-aminosalicylate and 
sulfapyridine. Most of the sulfapyridine is absorbed 
but both sulfasalazine and 5-aminosalicylate are 
poorly absorbed. In patients treated with sulfasala- 
zine, the concentrations of sulfasalazine and 5-ami- 
nosalicylate in the stool are 2 and lOmM, respec- 
tively [5], while the blood concentrations are much 
lower; the peak serum concentration of sulfasalazine 
after a 2 g oral dose has been reported to be 50 PM 
[6] while the serum concentration of 5-aminosali- 
cylate is below the limits of detection. 

The mechanism of action of sulfasalazine is known. 

* Reprint requests should be sent to: William F. Stenson, 
M.D., Division of Gastroenterology, Box 8124, Washing- 
ton University School of Medicine, 660 South Euclid, St. 
Louis, MO 63110, U.S.A. 

patients is several-fold ireat& than the lcsO for 

Several studies have suggested that its therapeutic 
activity is related to its effects on arachidonic acid 
metabolism. Increased levels of prostaglandins and 
prostaglandin metabolites have been found in the 
stool, serum and urine of patients with inflammatory 
bowel disease [7]. Treatment with sulfasalazine 
results in a decrease in the levels of these products. 
Similarly increased amounts of PGE2, prostacyclin 
and TxB2 are secreted by colonic mucosal explants 
from patients with inflammatory bowel disease [8]. 
Incubation of these explants in vitro with sulfa- 
salazine and other antiinflammatory drugs dimin- 
ishes the synthesis of arachidonate metabolites. 
Other studies have revealed that sulfasalazine 
inhibits the enzymes that metabolize prostaglandins 
[9]. This effect would increase rather than decrease 
prostaglandin levels. 

We recently reported that sulfasalazine, at con- 
centrations found in the colons of treated individuals, 
inhibits neutrophil 5-lipoxygenase in vitro and thus 
diminishes the synthesis of 5-hydroxy-6,8,11,14- 
eicosatetraenoic acid (5-HETE) and leukotriene BJ 
(LTBI) [lo]. 5-HETE and LTB4 are potent chemo- 
tactic compounds thought to be important in the 
amplification and modulation of the inflammatory 
response. 

In the present study, we have examined the effects 
of sulfasalazine in the metabolism of arachidonic 
acid in platelets. We chose to study arachidonate 
metabolism in platelets for several reasons: (1) to 
determine whether the inhibitory effects of sulfa- 
salazine on neutrophil 5-lipoxygenase extend to 
platelet n - 8 lipoxygenase, (2) to determine the 
effects of sulfasalazine on thromboxane synthetase 
in view of the report of increased levels of TxBz 
production by mucosal explants from inflammatory 

2205 



2206 W. F. STENSON and E. LOBOS 

bowel disease, and (3) to define the effects of sul- 
fasalazine and 5aminosalicylate on cyclooxygenase. 
Although both of these compounds have been 
reported to inhibit prostaglandin synthesis, they have 
never before been studied in a well-defined popu- 
lation of homogeneous cells where their effects on 
cyclooxygenase could be separated from effects on 
other enzymes involved in arachidonic acid 
metabolism. 

In this study we have demonstrated that sulfa- 
salazine and methylsulfasalazine (2-hydroxy-5-[[4- 
(3-methyl-2-pyridinyl amino) sulfonyl phenyl]azo]- 
benzoic acid) inhibited thromboxane synthetase 
and partially inhibited cyclooxygenase. 5-Amino- 
salicylate inhibited cyclooxygenase but not thromb- 
oxane synthetase. Neither sulfasalazine nor 5-amino- 
salicylate inhibited platelet n - 8 lipoxygenase. 

MATERIALS AND METHODS 

Materials. Sulfasalazine, methylsulfasalazine, 5- 
aminosalicylate, and sulfapyridine were gifts of 
Pharmacia AB, Uppsala, Sweden. Sulfasalazine, 
methylsulfasalazine, and sulfapyridine were dis- 
solved in 0.1 N NaOH and then diluted in buffer and 
the pH adjusted to 7.0. 5-Aminosalicylate was dis- 
solved directly in buffer. [1-‘“ClArachidonic acid 
(58 mCi/mmole) was from Amersham, Arlington 
Heights, IL. [l-‘“C]PGHl was a gift of Dr. Phillip 
Needleman of the Department of Pharmacology, 
Washington University. 

Metabolism of [14C]arachidonic acid. Blood was 
obtained from human volunteers, and washed 
platelet suspensions were prepared as described by 
Baenziger and Majerus [ll]. Platelets (2 X lO*/ml) 
were suspended in buffer (Tris-HCl) 50 mM (pH 
7.0); NaCl, 100 mM; glucose, 1 m$ml) and incu- 
bated with or without inhibitors in a volume of 1 ml 
for 1 min; [1-‘“Clarachidonic acid (5 PM) was added, 
and the incubation was continued for 5 min. The 
reaction was stopped, and the lipids were extracted 
by the addition of 2.5~01. of ice-cold chloroform- 
methanol-l% formic acid (1.2:1.2:0.1). The 
extracted lipids were applied to silica gel G TLC 
plates and developed in solvent system I 
(benzene-ether-ethanol-acetic acid, 50 : 40 : 2 : 0.2) 
and in solvent system II (benzene-dioxane-acetic 
acid, 60: 30 : 3) [12]. Solvent system I separates 
arachidonic acid (R, = 0.88), 12-HETE (Rf = 0.64) 
and HHT (Rf= 0.59). Solvent system II separates 
thromboxane Bl (Rf = 0.47), PGEl (Rf = 0.37) and 
PGFZe (Rf = 0.24). The identities of the HHT and 
12-HETE bands were confirmed by gas 
chromatography-mass spectroscopy. The mass spec- 
trum of the methyl ester trimethylsilyl derivative of 
HHT showed prominent ions (m/e) at 351, 335,295, 
276, and 225, while the methyl ester trimethylsilyl 
ether derivative of 12-HETE showed prominent ions 
(m/e) at 391, 375, 335, and 295. These data are in 
agreement with published spectra [13]. The radio- 
active areas on the TLC plates were identified by 
autoradiography and comigration with authentic 
standards. The radioactive zones were scraped, 
eluted, and counted in a liquid scintillation counter. 

Metabolism of [ 1-14C]PGH2. Platelets (1 X lO’/ml) 
were incubated in buffer in the presence and absence 

of inhibitors for 5 min at 37”. [1-‘4C]PGH2 
(50,00Ocpm, sp. act. 58.4mCi/mmole) was added 
to the incubation mixture, and the incubation was 
continued for 10 min. The final incubation volume 
was 0.4 ml. Lipids were extracted and separated by 
thin-layer chromatography with solvent system II. 

Metabolism of [‘4C]arachidonic acid in thepresence 
of benzylimidazole. In some experiments, platelets 
were treated with benzylimidazole to block throm- 
boxane synthetase. Platelets (2 x lO*/ml) were incu- 
bated with benzylimidazole (100 ,uM) for 5 min at 
37”, then buffer or sulfasalazine or methylsulfa- 
salazine was added to the incubation mixture, 
and the incubation was continued for 5 min. 
[14C]Arachidonic acid (5 PM) was then added, and 
the incubation was continued for an additional 5 min. 
Lipids were extracted and separated, and the radio- 
labeled compounds were identified as described 
above. 

RESULTS 

Table 1 shows the distribution of radioactivity after 
incubation of [‘“Clarachidonic acid (5 PM) with 
human platelets for 5 min. HHT, TxB2, and 12- 
HETE were the only metabolites made in significant 
quantitie’s. Figure 1 shows the effects of sulfasalazine, 
methylsulfasalazine, 5-aminosalicylate and sulfapyr- 
idine on the metabolism of exogenous arachidonic 
acid in platelets. Sulfasalazine inhibited the synthesis 
of thromboxane B2 with an 1~50 of 0.9 mM. As the 
production of thromboxane BZ and HHT progres- 
sively declined, the production of PGEz and PGFza 
increased. This pattern is consistent with inhibition 
of thromboxane synthetase and the diversion of 
PGH2 into the synthesis of PGE2 and PGFl, [2]. 
There was also an increase in the synthesis of 12- 
HETE, consistent with diversion of arachidonic acid 
away from cyclooxygenase and into lipoxygenase. 
Methylsulfasalazine had the same effects as sulfa- 
salazine but with a lower 1~50 (0.3 mM) for throm- 
boxane BZ synthesis. 

5Aminosalicylate blocked platelet cyclooxygen- 
ase with an lcso of 5 mM. There was parallel inhibition 
of thromboxane B:: and HHT. As the concentration 
of 5-aminosalicylate was increased, there was an 

Table 1. Metabolism of exogenous [YZlarachidonic acid 
by human platelets* 

% of Total 
recovered 

radioactivity 

Unmetabolized arachidonic acid 8.1 + 1.1 
Esterified into phospholipids 9.9 2 1.3 
12-HETE 22.3 ? 4.2 
HHT 38.0 k 2.9 
TxB,, 20.0 2 1.9 
PGEz 1.2 k 0.5 

PGFz, 0.5 2 0.1 

* Human platelets (2 x lox/ml) were incubated with [l- 
14C arachidonic acid (5 PM) for 5 min at 37”. The lipids I 
were extracted and separated by thin-layer chromatography 
as described in Materials and Methods. Results are 
expressed as mean 2 S.E.; N = 11. 
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Fig. 1. Effects of sulfasalazine, metabolites and analogs on 
arachidonic acid metabolism. Platelets (2 X lOs/ml) were 
incubated in the presence and absence of inhibitors for 
5 min at 37”. [i4C]Arachidonic acid (5 !iM) was added, and 
the incubation was continued for 5 min. The lipids were 
extracted and separated by thin-layer chromatography as 
described in Materials and Methods. The radiolabeled 
metabolites were quantitated by scraping the appropriate 
bands from the thin-layer plates and counting them in a 
liquid scintillation counter. Key: (0) HHT; (R) throm- 
boxane Br; (A) 1ZHETE; (0) PCEr; and (@) PGF2. 

Results are the mean C S.E.M. for five experiments. 

increase in the synthesis of 12-HETE indicating a 
diversion of arachidonate from cyclooxygenase to 
lipoxygenase. In the presence of .5-aminosalicylate 
the synthesis of PGE2 and PGR,remained at very 
low levels rather than increasingly markedly as was 
seen in the presence of sulfasalazine and methylsul- 
fasalazine. The absence of an increase in prosta- 
glandin synthesis is consistent with inhibition of 
cyclooxygenase rather than thromboxane synthe- 
tase. Selective inhibition of cyclooxygenase is also 
seen with other salicylates including aspirin f3). The 
absence of an effect of sulfasalazine on platelet 
lipoxygenase is in marked contrast to its total inhi- 
bition of neutrophif lipoxygenase IS]. 

The data shown in Fig. 1 suggest that S-amino- 
salicylate is a cyclooxygenase inhibitor. The data 
suggest that sulfasalazine and methylsulfasalazine 
inhibit thromboxane synthetase, but the increase in 
12-IIETE synthesis raises the possibility that sulfa- 
salazine and methysulfasalazine may also affect 
cyclooxygenase. 

Two experiments were done to separate the effects 
of sulfasalazine and methylsulfasalazine on throm- 
boxane synthetase from their effects on cyclooxy- 
genase, In one experiment, platelets were incubated 
with [‘“C]PGI& in the presence and absence of these 
drugs. As shown in Fig. 2, suIfasalazine blocked the 
synthesis of thro~boxane B2 from PG& with an rcsO 
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Fig. 2. Effects of sulfasalazine and methylsulfasalazine on 
PGH? metabolixm in platelets. Platelets (1 x 108/ml) were 
incubated in the presence and absence of inhibitors for 
5 mm at 37”. PGHz (50,000 cpm, sp. act. 58.4 m~~mmole) 
was added to the incubation mixture in a final voiume of 
0.4m1, and the incubation continued for IOmin. Lipids 
were extracted with chloroform-methanol and subjected 
to TLC using solvent system I. Results are means 2 S.E.M. 
for three experiments. In the absence of inhibitors, the 
distribution of recovered radioactivity was: TxBr, 21.0 t 
0.08%; PGE2, 19.8 k 2.3%; PGFz,, 6.4 t 1.0%; HHT, 

42.8 it 2.2%; and PGD2, 10.0 * 1.0%. 

of 0.9 mM. Methyisuifasalazine inhibited thrombox- 
ane synthetase with an ICSQ of 0.3 mtvf. The use of 
f”C]PGHz rather than [~4~]ara~hidoni~ acid as the 
substrate, bypassed cyclooxygenase and allowed the 
direct demonstration of the inhibition of thrombox- 
ane synthetase by these two drugs. 

To determine if sulfasalazine and methylsulfasal- 
azine also inhibit cyclooxygenase, platelets were first 
incubated with benzyl imidazole to block thrombox- 
ane synthetase and then were incubated with and 
without these two drugs before incubation with 
[r4C]arachidonic acid (Fig. 3). If sulfasalazine and 
methylsulfasalazine affect only thromboxane syn- 
thetase, then they should have no effect on arachi- 
donate metabolism in platelets whose thromboxane 
synthetase is already blocked with benzyljm~d~ole. 
If, however, sulfasalazine and methylsuIfasalaz~ne 
also inhibit cyclooxygenase, then one would except 
that incubation with these compounds would result 
in a decrease in the synthesis of PGEz and PG&, 
and an increase in 1ZHETE. As seen in Fig. 3, 
incubation with sulfasalazine or methylsulfasalazine 
resulted in some decrease in the synthesis of PGEz 
and PGFz,and an increase in 12-HETE; however, 
the highest concentration of these compounds tested, 
4 mM (which is near the limits of solubility at pH 7), 
inhibited PGE;! and PGF2, synthesis by less than 
50%) demonstrating that, although these compounds 
did affect cyelooxygenase, the effects were seen only 
at doses much higher than the dose required to 
blocked thromboxane synthetase. 
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Fig. 3. Effects of sulfasalazine and methyls~fasalazin~ on 
ara~hidonate metabolism in benzylimidazole-treated 
platelets. Platelets (2 X 108/m1) were incubated with 
benzylimidazole (100 PM) for 5 min at 37”. Then buffer or 
sulfasalazine or methylsulfasalazine was added, and the 
incubation was continued for 5 min. [r4C]Arachidonic acid 
(5 FM) was added, and the incubation was continued for 
an additional 5 min. Lipids were extracted with 
chloroform-methanol and separated by TLC using solvent 
systems I and II. Platelets incubated with benzvlimid~ole 
t&t without other inhibitors metabohzed arachidonic acid 
to: 12-HETE, 23.2 + 5.3%; HHT, 12.6 + 0.3%; PGFJ,, 
9.4 2 0.3%; PGEr, 20.0 f 5.3%; TxBz, 2.7 2 0.1%; and 
PGD2, 3.7 It 0.9%. The remainder of the radioactivity was 
in phospholipids and unmetabolized arachidonic acid. 
Results are the mean and S.E.M. for two experiments. 

Key: (A) 12-HETE; (0) PGE2; and (a) @XL. 

DISCUSSlON 

The major goal of this study was to define better 
the effects of sulfasaiazine on arachidonic acid 
metabolism. Platelets were chosen because their 
pathways of arachidonate metabolism are well 
defined and it is possible to use them to delineate 
the effects of sulfasalazine and its metabolites on 
specific enzymes. In this study we demonstrated that 
sulfasalazine and a methyl analog inhibited platelet 
thromboxane synthetase. Sulfasalazine and its 
methyl analog also inhibited cyclooxygenase, but 
only weakly. 5Aminosalicylate, one cleavage prod- 
uct of sulfasalazine, blocked cyclooxygenase but not 
thromboxane synthetase. Sulfapyridine, the other 
cleavage product, and no effect on arachidonate 
metabolism. None of the drugs tested bfocked 
platelet n - 8 lipoxygenase although sulfasalazine 
blocks neutrophil lipoxygenase [lo]. 

It was not the purpose of this study to determine 
which of the pharmacologic effects of sulfasalazine 
and 5aminosalicylate account for their therapeutic 
efficacies in inflammatory bowel disease, nor was 
the study designed to determine whether the major 
therapeutic agent is sulfasalazine or 5-aminosalicy- 
late [14]. However, this study may give some insight 
into both of these questions. This is the first demon- 

stration of sulfasalazine inhibiting thromboxane syn- 
thetase. An earlier study demonstrated increased 
levels of thromboxane I32 secreted by explants of 
colonic mucosa from patients with inflammatory 
bowel disease [8]. However, the cell of origin of the 
thromboxane measured in that study is unknown. 
Thromboxane AZ has proinflammatory properties, 
including the induction of platelet aggregation, It is 
possible that inhibition of thromboxane synthesis 
could contribute to the diminution of the intlam- 
matory response in inflammatory bowel disease. The 
concentration of sulfasalazine in the colons of treated 
patients is about 2mM IS], which is considerabiy 
more than the dose required to inhibit thromboxane 
synthesis. However, the serum concentration of sul- 
fasalazine is fess than the IQ for thromboxane syn- 
thesis so one would not expect a prolongation of the 
bleeding time. How much of the antiinflammatory 
effects of sulfasalazine in ulcerative colitis can be 
related to inhibition of thromboxane synthesis is 
unknown. 

This study contains the clearest evidence to date 
of inhibition of cyclooxygenase by S-aminosalicylate. 
The concentration of 5-aminosalicylate in the colon 
that is greater than the IC~O for inhibition of cyclo- 
oxygenase [15]. This finding is consistent with the 
suggestion that the therapeutic effect of 5-amino- 
salicylate is secondary to the inhibition of cyclo- 
oxygenase. This study also shows that the parent 
molecule, sulfasalazine, is a relatively poor inhibitor 
of cyclooxygenase, compared to 5-aminosalicylate. 
In addition, the dose of sulfasalazine required for 
even partial inhibition of cyclooxygenase is a good 
deal higher than that required for inhibition of 
platelet thromboxane synthetase or neutrophil 
lipoxygenase. 

This study does not help determine if the thera- 
peutic effects of sulfasalazine are induced by the 
entire molecule or by the cleavage product, 5-ami- 
nosalicylate. However, it reaffirms that suifasala- 
zine has pharmacologic properties not shared by 
either of its cleavage products, in this case the inhi- 
bition of thromboxane synthetase. 

Acknowledgements-W. F. S. is the recipient of clinical 
investigator award l-K08-AM00871-01 from the National 
Institute of Arthritis, Metabolism and Digestive Diseases. 
The authors thank Catherine Camp for help in preparing 
the manuscript and Andrea Wyche and Phillip Needleman 
for helpful discussions. 

REFERENCES 

I. P. Needleman, B. Bryan, A. Wyche, S. D. Bronson, 
K. Eakins, J. A. Ferrendelli and M. Minkes, Pros@- 
g&dins 19, 897 (1977). 

2. R. R. Gorman, Advances in Prostaglandin and Throm- 
boxane Research (Eds. B. Sanuelsson, P. W. Ramwell 
and R. Paoletti), Vol. 6, pp. 417-25. Raven Press, New 
York (1980). 

3. M. Hamberg, J. Svensson and B. Samuelsson, Proc. 
izatn. Acad. Sci. U.S.A. 71, 3824 (1974). 

4. M. I. Siegel, R. P. McConneII, N. A. Porter and P. 
Cuatrecasas, Proc. natn. Acad. Sci. U.S.A. 77, 308 
(1980). 

5. M. A. Peppercorn and P. Goldman, Gastroenterology 
64, 240 (1973). 



Inhibition of platelet thromboxane synthetase by sulfasalazine 2209 

6. K. M. Das, J. R. Chowdury, B. Zapp and J. W. Fara, 
Gastroenterology 11, 280 (i979). . _ 

7. S. R. Gould. A. R. Brash. M. E. Conollv and J. E. 
Lennard-Jones, Prost. Mei. 6, 165 (1981): 

8. M. Ligumsky, F. Karmeli, P. Sharon, U. Zor, F. Cohen 
and D. Rachmilewitz, Gastroenterology 81,444 (1981). 

9. J. R. S. Hoult and P. K. Moore, Br. J. Pharmac. 68, 
719 (1980). 

10. W. F. Stenson and E. Lobos, J. clin. Invest. 69, 494 
(1982). 

11. N. L. Baenziger and P. W. Majerus, Meth. Enzym. 31, 
149 (1971). 

12. W. F. Stenson and C. W. Parker, J. clin. Invest. 64, 
1457 (1979). 

13. M. Hamburg and B. Samuelsson, Proc. nafn. Acad. 
Sci. U.S.A. 71, 3400 (1974). 

14. U. Klotz, K. Maier, C. Fischer and K. Heinkel, New 
Engl. J. Med. 303, 1499 (1980). 

15. P. R. Smith. D. J. Dawson and C. H. J. Swan. Gut 20. 
802 (1978). 


