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Pharmacokinetics of Sulfasalazine Metabolites in Rats
Following Concomitant Oral Administration of Riboflavin
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Sulfasalazine, 60 mg/kg, was administered orally to groups of rats (n = 4) along with 1, 5, or 10 mg/kg
of riboflavin. Plasma and urine were assayed for 5-aminosalicylic acid, acetyl-5-aminosalicylic acid,
sulfapyridine, and acetyl-sulfapyridine using an HPLC method. The mean percent of dose recovered
as total metabolites in urine was significantly greater (@ = 0.01) for the group receiving 10 mg/kg
riboflavin compared to the controls or the group receiving 1 mg/kg riboflavin. Plasma AUC and C,,,,
values were also significantly greater (a = 0.05) for the 10 mg/kg riboflavin group. These results
suggest that at higher doses, a significant fraction of riboflavin reaches the colon intact and stimulates
more efficient reduction of the azo bond in sulfasalazine. Since the concentrations of S-ASA achieved
in the colon may be directly related to the efficacy of sulfasalazine in treating inflammatory bowel

disease, concomitant administration of riboflavin may enhance sulfasalazine’s efficacy in humans.
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INTRODUCTION

Sulfasalazine is the most widely prescribed drug for the
treatment of inflammatory bowel disease (1), the long term
treatment of ulcerative colitis (2,3) and Crohn’s disease (4).
Sulfasalazine is a conjugate of 5-aminosalicylic acid (5-ASA)
and sulfapyridine (SP) linked by an azo bond. Following oral
administration, sulfasalazine is metabolized by the bacterial
azoreductase enzymes in the colon (Fig. 1), reducing the azo
bond and releasing these two components (5). Sulfasalazine
itself may serve only as a prodrug to deliver the metabolic
products, 5-ASA (a possible anti-inflammatory agent) and
SP (an antibacterial agent), to the colon (6-9).

Riboflavin functions metabolically in the form of the
two co-enzymes, flavin mononucleotide (FMN) and flavin
adenine dinucleotide (FAD) (10). The addition of flavins to in
vitro tissue preparations enhanced the activities of the en-
zymes responsible for degrading azo compounds (11). Fur-
ther hepatic carcinogenesis by azo dyes is potentiated by
riboflavin deficiency (12-18), suggesting that the riboflavins,
FAD and FMN affect azo reductase activity in the liver.

Khan et al. (19) reported that the cleavage of sulfasala-
zine at the azo bond in bacterial suspension and tissue ho-
mogenates in vitro was enhanced by NADP+, FAD +, and
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glucose 6-phosphate, suggesting that azoreduction is
NADPH dependent and accelerated by flavins.

Although intestinal bacteria play an important role in
the metabolism of sulfasalazine (20), no reports describing
the effect of riboflavin in vivo on the reduction of the azo
bond in sulfasalazine by the intestinal flora or in the liver
have been published. This study reports the effect of oral
riboflavin on the urinary excretion and pharmacokinetics of
sulfasalazine metabolites in the rat.

MATERIALS AND METHODS

Materials

Sulfasalazine (lot 13F 0731), sulfapyridine (lot 54F
0635), 5-aminosalicylic acid (lot 15F 0803) and riboflavin (lot
16F 0216) were obtained from Sigma Chemical Company (St.
Louis, MO). Acetyl-sulfapyridine (Ac-SP) and acetyl-
5-aminosalicylic acid (Ac-5-ASA) were received as a gift
from Pharmacia Laboratories (Sweden). All other chemicals
were reagent grade, were purchased commercially, and were
used as received.

Methods

Analytical. Analyses of urine and plasma samples for
sulfasalazine metabolites were conducted using a reversed-
phase HPLC method with uv detection at 254 mm (21). The
assay was linear between 0.5 pg to 25 pg/mL for all sul-
fasalazine metabolite concentrations.

Animals. Male, CD albino strain rats (Charles River
Laboratories, Wilmington, MA) weighing between 200-225
gm were used.

Urinary Excretion Studies. Rats were fasted overnight
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Fig. 1. Metabolism of sulfasalazine in man.

and water was allowed, ad libitum. A total of twelve rats
were randomly assigned to three groups: A, B, and C (n =
4). Rats in Group A were administered 60 mg/kg of sulfasala-
zine suspended in aqueous media using 1% tragacanth gum
by gastric gavage. Rats in Groups B and C were adminis-
tered 60 mg/kg, respectively. All rats were housed in metab-
olism cages, and urine samples were collected at the end of
4, 8, 12, 24, and 48 hours, brought to 5 or 10 ml with distilled
water and filtered. Diluted urine samples were frozen
(—4°C) and stored in amber bottles in the dark until ana-
lyzed.

Oral Absorption Studies. One day prior to drug admin-
istration, rats were prepared surgically for jugular cannula-
tion as described earlier (22). Food was withdrawn 12 to 16
hours prior to dosing. Sulfasalazine (60 mg/kg) and riboflavin
were administered as described above, except that riboflavin
doses of 5 mg/kg and 10 mg/kg were used for Groups B and
C, respectively. Blood (0.25 mL) was drawn from the jugular
vein at 0, 1, 2, 3, 4, 6, 8, 12, and 24 hours in heparinized
tubes, and the plasma was harvested following centrifuga-
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Fig. 2. Total metabolites as percent of suifasalazine dose (60 mg/kg)
excreted in urine over 48 hours. (A) control rats (43.3%); (B) ribo-
flavin dose, 1 mg/kg (37.9%); and (C) riboflavin dose, 10 mgkg
(87.9%).

tion. The plasma samples were stored frozen (—4°C) and in
the dark until analyzed.

RESULTS AND DISCUSSION

Table I shows the percent recovery of the metabolites of
sulfasalazine (SS) excreted in the urine over 48 hours in rats.
The data presented show that when 10 mg/kg of riboflavin
(RF) is concomitantly administered with 60 mg/kg of SS, the
recoveries of the metabolites (% dose) were significantly
higher (o« = 0.01; Schefte’s test {23]) than either the control
group (Group A) or the group receiving 1 mg/kg RF
(Group B).

Levy and Jusko (24) have shown that RF absorption
takes place mainly from the proximal region of the intestinal
tract in man, and its absorption is site specific and saturable.
The upper limit of intestinal absorption of RF appears to be
about 25 mg in normal subjects (25). The RF dose of 10

Table I. Recovery of Sulfasalazine Metabolites Excreted in Urine®

Group B Group C
Group A (60 mg/kg sulfasalazine (60 mg/kg sulfasalazine
(60 mg/kg sulfasalazine) + 1 mg/kg riboflavin) + 10 mg/kg riboflavin) ANOVA
Compound (n =4) (n = 4) (n = 4) (o = 0.01)
5-Aminosalicylic acid 4.6 = 0.19 4.9 = 0.61 8.2+ 0.8 C>B&A
Sulfapyridine 9.7 £ 0.16 7.4 £ 0.67 139+ 1.1 C>B&A
Acetylsulfapyridine 13.7 = 0.18 11.9 £ 1.0 303 1.9 C>B&A
Acetylaminosalicylic acid 15.3 £0.33 13.7 = 0.63 35.7 = 4.5 C>B&A

2 Each value represents mean 48 hour recovery (% dose * S.D.) following concomitant oral administration of sulfasalazine and riboflavin

in fasting rats.
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Fig. 3. Cumulative amounts of sulfasalazine metabolites excreted in urine following 60 mg/kg sulfasalazine: control
group (O); riboflavin dose, 1 mg/kg (@); and riboflavin dose, 10 mg/kg (A).

mg/kg in the present study appears to exceed the saturable
concentration in rats.

In a study of the effect of oral neomycin on the oral
administration of SS to rats, Peppercorn and Goldman (20)
found that none of the SS was recovered intact in urine,
feces or cecum when the rats received SS alone. However,
when the rats were pretreated with oral neomycin, about
50% of the administered SS was recovered intact in the
cecum and feces. In addition, orally administered SS is
known to reach the colon of humans intact where it is split
by the bacteria into SP and 5-ASA (26,27). Results of the
present study suggest that at a 10 mg/kg oral dose, significant
amounts of RF reach the colon of rats where it stimulates the
intestinal bacteria to efficiently cleave the azo bond of sul-
fasalazine. Figure 2 shows the total metabolites recovered
from rat urine over the 48 hour period following oral admin-
istration of SS alone and with two dose levels of RF. The
data presented show that about 88% of the dose is recovered
as metabolites in rats when 10 mg/kg of RF is administered
with SS.

The cumulative amounts of 5-ASA, SP, Ac-SP and Ac-
5-ASA excreted in urine following the three treatments are
shown in Fig. 3. These data also demonstrate that consis-
tently higher amounts of each of the metabolites were ex-
creted in urine in the group treated with 10 mg/kg riboflavin.

Mean plasma concentrations of 5-ASA, SP, Ac-SP and
Ac-5-ASA following oral administration of SS (60 mg/kg)

alone and with 5 and 10 mg/kg of RF are shown in Fig. 4. The
plasma data were fitted by a one compartment pharmacoki-
netic model (Scheme I) using the PC NONLIN program
(28):where k, is the apparent first-order rate constant for

Scheme I

appearance of the metabolites in the central compartment (1)
and k is the apparent first-order elimination rate constant for
disappearance of the metabolites from the central compart-
ment.

The mean values for the absorption half-life (k,), elim-
ination half-life (k), time of maximum metabolite concentra-
tion (T,,,,), maximum plasma metabolite concentration
(C,.x) and area under the plasma metabolite concentration-
time curve (AUC, 0-24 hrs) of 5-ASA, SP, Ac-SP, and Ac-
5-ASA are shown in Tables II, III, IV, and V, respectively.

The areas under the plasma concentration versus time
curves for each of the metabolites for Group C; i.e., 10 mg/
kg riboflavin dose, were consistently higher than for the con-
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Fig. 4. Semi-logarithmic plots of sulfasalazine metabolite plasma concentrations (£S.D.) versus time following
sulfasalazine (60 mg/kg) administered orally: control group (O); riboflavin dose, 5 mg/kg (@); and riboflavin dose,

10 mg/kg ().

Table II. Mean Values of Pharmacokinetic Parameters for 5-Aminosalicylic Acid Following Oral Administration of Sulfasalazine and

Riboflavin

Group B

Group C

Group A (60 mg/kg sulfasalazine (60 mg/kg sulfasalazine
(60 mg/kg sulfasalazine) + 5 mg/kg riboflavin) + 10 mg/kg riboflavin) ANOVA

Parameter n=4 (n=4) (n=4) (a = 0.05)
k, half-life (hours) 3.87 £ 0.94 6.1 = 0.87 6.85 = 1.13 C&B>A
k half-life (hours) 2.34 £0.39 1.5 = 0.11 1.18 = 1.13 A>B&C
T ax (hours) 4.26 = 0.05 418 = 0.26 3.94 = 0.28 N.S.2
Cooax (1g/0.1 mL) 2.3 +£0.27 3.14 = 0.84 4.11 = 0.29 C>B>A
AUC (0-24 hr) (pg * hr/0.1 mL) 264 1.8 445 =154 58.59 = 9.2 C&B>A

4 Not significant.

Table III. Mean Values of Pharmacokinetic Parameters of Sulfapyridine Following Oral Administration of Sulfasalazine and Riboflavin

Group B Group C
Group A (60 mg/kg sulfasalazine (60 mg/kg sulfasalazine
(60 mg/kg sulfasalazine) + S mg/kg riboflavin) + 10 mg/kg riboflavin) ANOVA

Parameter n=4 (n = 4) (n=4) (a = 0.05)
k, half-life (hours) 247 £0.12 3.01 = 0.89 7.47 = 0.63 C>B&A
k half-life (hours) 5.95 £ 0.28 481+ 2.3 1.52 = 0.08 C&B>A
Tmax (hours) 5.36 £ 0.19 5.28 = 0.28 4.54 = 0.13 A&B>C
Cax (1g/0.1 mL) 3.76 = 0.14 4.03 = 0.38 4.67 = 0.42 C>A&B
AUC (0-24 hr) (pg * hr/0.1 mL) 60.5 £29 60.74 = 16.2 75.97 = 11.4 N.S.?

“ Not significant.
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Table IV. Mean Values of Pharmacokinetic Parameters for Acetylsulfapyridine Following Oral Administration of Sulfasalazine and Ribo-

flavin
Group B Group C
Group A (60 mg/kg sulfasalazine (60 mg/kg sulfasalazine
(60 mg/kg sulfasalazine) + 5 mg/kg riboflavin) + 10 mg/kg riboflavin) ANOVA
Parameter (n =4) (n=4) (n = 4) (o = 0.05)
k, half-life (hours) 2.38 = 1.37 1.11 = 0.18 52 x£0.16 C>B&A
k half-life (hours) 7.87x 34 565 0.14 1.48 = 0.16 A&B>C
T, ... (hours) 527+ 0.59 343+ 0.26 3.87 = 0.06 A>B&C
Cax (1g/0.1 mL) 491 = 0.16 467 = 1.1 11.99 = 0.54 C>B&A
AUC (0-24 hr) (g » hr/0.1 mL) 56.75 = 14.2 91.1 = 13.1 148.77 * 6.63 C>B>A

trol group (Group A) or the 5 mg/kg riboflavin dose (Group
B). Analysis of variance (ANOV A) using Duncan’s multiple
range test (29) showed that the AUC values for S-ASA for
rats given S or 10 mg/kg of riboflavin (Groups C and B) were
significantly higher (@ = 0.05) compared to the controls
(Group A). SP showed no statistically significant differences
among the AUC values, but a trend toward higher AUC
values was observed for Group C (Table III). The AUC’s for
the acetylated metabolites, Ac-5-ASA and Ac-SP, were, sig-
nificantly higher (a = 0.05 and 0.,01, respectively) for Group
C compared to Groups B and A.

Conax Vvalues were compared using Duncan’s multiple
range test (Tables II to V). Higher C_,,, values were asso-
ciated with higher doses of riboflavin. The higher AUC and
C,.ax Values due to RF pretreatment are supported by the
metabolites excretion data. Thus, a higher dose of riboflavin
apparently reaches the colon and stimulates the azoreduc-
tase enzyme activity of the intestinal microflora to more ef-
ficiently reduce sulfasalazine. Alternatively, the gastrointes-
tinal transit time may be delayed due to higher doses of
riboflavin, allowing more time for the flora to metabolize the
same dose of sulfasalazine.

The values for apparent absorption and elimination half-
lives shown in Tables II, III, IV, and V were obtained by
curve fitting and probably do not represent the true drug
absorption and elimination half-lives (30).

Studies by Houston and Cassidy (31) suggested that the
kinetics of 5-ASA and Ac-5-ASA are absorption rate limited
and may be slower than the excretion rate following in-
traduodenal dosing in rats. After oral administration of sul-
fasalazine, sulfapyridine appears in the blood with a lag time
of about 3 to 6 hours (32,33,34). The long lag time may be
caused by the transit time for intestinal passage of sulfasala-
zine to its site of bacterial cleavage in the colon (7,35). Once

sulfapyridine is formed, absorption occurs slowly with an
apparent half-life of 2 to 5 hours (31,32). Thus, absorption
and elimination processes tend to flip-flop and the terminal
slope of the curve may represent either the absorption or the
elimination or a hybrid of both processes.

The rate of disappearance of sulfasalazine metabolites
from the gut of rats depends on (i) azoreduction of sulfasala-
zine in the colon and (ii) the absorption characteristics of the
metabolites themselves. Estimation of the rate and extent of
absorption of the primary metabolites is difficult because, in
addition to the absorption process, conjugate of the primary
metabolites may occur in the colon and liver. Therefore, the
values of k, and k presented in Tables II, III, IV, and V may
not be true estimates of absorption and elimination rate con-
stants for the metabolites. A further complicating factor is
that the k (elimination rate constant) represents the sum of
the rate constants for urinary excretion rate constant of SP
or 5-ASA, the biotransformation rate constant for acetyla-
tion of the primary metabolites and ‘‘loss’’ due to other pro-
cesses.

Since plasma concentration data following intravenous
and oral administration of each individual metabolite were
not available, estimates of true absorption and elimination
rate constants could not be obtained.

The results of the present study demonstrate that rats
given sulfasalazine and higher doses of riboflavin, increased
the concentrations of 5-ASA and SP in the blood. These
results, therefore, suggest that riboflavin stimulated the
azoreduction of sulfasalazine and consequently increased
the bioavailability of these metabolites. These results, in
turn, suggest that higher concentrations of riboflavin at or
above the saturable limit in the gastrointestinal tract pass
down to the colon and stimulate the bacterial azoreductase
enzyme system.

Table V. Mean Values of Pharmacokinetic Parameters for Acetyl-5-Aminosalicylic Acid Following Oral Administration of Sulfasalazine and

Riboflavin
Group B Group C
Group A (60 mg/kg sulfasalazine (60 mg/kg sulfasalazine
(60 mg/kg sulfasalazine) + 5 mg/kg riboflavin) + 10 mg/kg riboflavin) ANOVA

Parameter n=4 (n=4) (n=4) (a = 0.05)
k. half-life (hours) 6.67 = 1.73 9.25 = 4.7 9.75 x 2.6 N.S.@
k half-life (hours) 0.98 = 0.26 244+ 12 1.18 = 0.44 N.S.
T, ax (hours) 3.32 = 0.25 5.55x 0.12 4.19 = 0.37 B>C>A
Cax (1g/0.1 mL) 3.5 £0.33 4.88 = 0.08 6.89 = 0.63 C>B>A
AUC (0-24 hr) (g = hr/0.1 mL) 47.17 = 4.19 102.34 + 23.8 128.91 = 24.5 C&B>A

% Not significant.



1072

ACKNOWLEDGMENTS

is

The assistance of Dr. Hannen Liu in statistical analysis
gratefully acknowledged. The authors are thankful to Mrs.

Josephine Stafford for preparing the manuscript.

REFERENCES

W N =

. M. A. Peppercorn. J. Clin. Pharmacol. 27:260-265 (1987).

. A. S. Dissanayake and S. C. Truelove. Gut 14:923-926 (1973).

. A. K. A.Khan, T. T. Howes, JI. Piris, and S. C. Truelove. Gut
21:232-240 (1980).

. R. W. Summers, O. M. Switz, J. T. Sessions, J. M. Beckel,
W. R. Best, F. Kem, and J. W. Singleton. Gastroenterology
77:847-869 (1979).

. C. M. Berlin and S. J. Yaffe. Dev. Pharmacol. Ther. 1:31-39
(1980).

. M. A. Peppercorn and P. Goldman. Gastroenterology 64:240—
245 (1973).

. H. Schroder and D. E. S. Campbell. Clin. Pharmacol. Ther.
13:539-551 (1972).

. P. Goldman and M. A. Peppercorn. N. Engl. J. Med. 293:20-23
(1975).

. U. Klotz, K. Maier, C. Fischer, and K. Heinkel. N. Engl. J.
Med. 303:1499-1502 (1980).

. A. G. Gilman, L. S. Goodman, T. W. Rau, and F. Murad
(eds.). Pharmacological Basis of Therapeutics, Tth ed., 1985.

. R.S. Rivlin. N. Engl. J. Med. 283:463-472 (1970).

. A. C. Griffin and C. A. Baumann. Cancer Res. 8:279-284
(1948).

. C. J. Kensler, K. Suguria, and C. P. Rhoads. Science 91:623
(1940).

. J. P. Lambooy. Proc. Soc. Exp. Biol. Med. 134:192-194 (1970).

15
16
17

18.
19.
20.

21.

31.

32.

33.
34.

35.

Chungi, Dittert, and Shargel

J. P. Lambooy. Fed. Proc. 29:296 (1970).

J. A. Miller. Ann. N.Y. Acad. Sci. 49:19-28 (1947).

A. S. Mulay and R. W. O’Gara. J. Natl. Cancer Inst. 40:731-
735 (1968).

A. Tannenbaum and H. Silverstone. Adv. Cancer Res. 1:451-
501 (1953).

A. K. A. Khan, G. Guthrie, H. H. Johnston, S. C. Truelove,
and D. H. Williamson. Clin. Sci. 64:349-354 (1983).

M. A. Peppercorn and P. Goldman. J. Pharmacol. Exp. Ther.
181:555-562 (1972).

V. S. Chungi, G. S. Rekhi, and L. Shargel. J. Pharm. Sci.
78:235-238 (1989).

. V. 8. Chungi, L. W. Dittert, and R. B. Smith. Int. J. Pharm.

4:27-38 (1979).

. H. Scheffe. Biometrika 40:87-104 (1953).

. G. Levy and W. J. Jusko. J. Pharm. Sci. 55:285-289 (1966).

. W. 1. Jusko and G. Levy. J. Pharm. Sci. 56:58-62 (1967).

. M. A. Peppercorn and P. Goldman. Gastroenterology 64:240—

245 (1973).

. K. M. Das and R. Dubin. Clin. Pharmacokin. 1:406-425 (1976).
. C. M. Metzler and D. L. Wiener. Statistical Consultants, Inc.,

Version 2.0 (1986).

. D. B. Duncan. Biometrics 11:1-23 (1955).
. M. Gibaldi and D. Perrier. Pharmacokinetics, Marcel Dekker,

New York, 1982, p. 147.

J. B. Houston and M. K. Cassidy. J. Pharm. Pharmacol.
34:536-538 (1982).

T. R. Bates, H. P. Blumenthal, and H. J. Pieniaszek. Clin.
Pharmacol. Ther. 22:917-927 (1977).

C. Fisher and U. Klotz. J. Chromatogr. 162:237-243 (1979).
A. K. A. Khan, S. C. Truelove, and J. K. Aronson. Br. J. Clin.
Pharmacol. 13:523-528 (1982).

K. M. Das, M. A. Eastwood, J. P. A. McManus, and W. Sir-
cus. Gut 14:631-641 (1973).



