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Summary

We examined the hydrolysis of salicylic acid-tyrosine (salicyl-tyrosine) and salicylic acid-methionine (salicyl-methionine)
conjugates following oral, intravenous, intracecal and rectal administration (434, 72, 36 and 36 pwmol/kg, respectively: salicylic acid
equivalent). Salicylic acid was detected in the blood following oral administration of salicyl-tyrosine and salicyl-methionine. In the
case of salicyl-tyrosine, a relatively high blood concentration of salicylic acid was observed up to 36 h. Furthermore, the blood
concentration of salicylic acid was sustained following rectal administration of salicyl-tyrosine and salicyl-methionine. A large
difference in salicylic acid formation following oral administration was observed between salicyl-tyrosine and salicyl-methionine.
Salicyl-tyrosine and salicyl-methionine were recovered from blood unchanged following intravenous administration, suggesting that
presystemic de-conjugation was responsible for metabolism of the prodrugs following oral administration. Extensive salicylic acid
formation in the cecum was found following intracecal administration of salicyl-tyrosine and salicyl-methionine. Also, in vitro
incubation of salicyl-tyrosine and salicyl-methionine with gut contents showed that the primary location of hydrolysis was the hind
gut. These results suggest that limited gastric and small intestinal absorbability of prodrug and metabolism by intestinal
microorganisms were the major determinants of systemic bioavailability of parent drug.

Introduction

In our previous investigations, we demon-
strated that glycine conjugate of salicylic acid
(salicyluric acid) was metabolized to salicylic acid
by intestinal microorganisms in rabbits (Shibasaki
et al., 1985; Nakamura et al., 1986, 1988a, 1989a,
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1990), rats (Nakamura et al., 1988b) and dogs
(Nakamura et al., 1989b) and is a candidate for a
prodrug to control the blood concentration of
salicylic acid quantitatively.

Recently, the salicyluric acid-hydrolyzing en-
zyme purified from intestinal microorganisms was
reported to catalyze the hydrolysis of N-benzoyl
amino acids and their derivatives (Ogushi et al.,
1988). Therefore, the metabolism of the prodrug
could be varied by changing the amino acid moi-
ety of the salicylic acid conjugate. Taking this
finding into consideration, we examined the dis-
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tribution and metabolism of salicylic acid-L-
alanine conjugate (salicyl-L-alanine) in rabbits
(Nakamura et al., 1992). Although extensive sali-
cylic acid formation was observed following oral
administration of prodrug, salicyl-L-alanine, the
prodrug was absorbed considerably from the gas-
trointestinal tract.

In the present study, we prepared salicylic
acid-tyrosine (salicyl-tyrosine) and salicylic acid-
methionine (salicyl-methionine) conjugates, and
examined their distribution and metabolism fol-
lowing oral, intravenous, intracecal and rectal
administration to rabbits as part of our series of
investigations on salicylic acid-amino acid conju-
gates. Since tyrosine and methionine, which re-
spectively contain a benzene ring and a sulfur
atom, are unique among amino acids, the phar-
macokinetic characteristics of these compounds
should provide useful information compared with
other amino acid prodrugs. Finally, we aimed to
develop an effective prodrug of salicylic acid, by
exploring the general features of the pharmacoki-
netic characteristics of salicylic acid-amino acid
conjugates.

Materials and Methods

Chemicals

Acetylsalicylic acid, L-tyrosine, L-methionine,
acetonitrile, acetic acid, methanol and o-anisic
acid were purchased from Nacalai Tesque, Inc.
(Kyoto, Japan). All other chemicals were of
reagent grade.

Syntheses of salicyl-tyrosine and salicyl-methionine

Salicyl-tyrosine and salicyl-methionine were
synthesized by coupling of tyrosine or methionine
methyl ester, and acetylsalicylic acid, respectively,
using a carbodiimide as described previously
(Nakamura et al, 1992). Finally, 17.5% of
salicyl-tyrosine or 38.5% of salicyl-methionine was
obtained as white crystals: m.p. 172 and 95°C;
[a]d = —50.0 and —19.3° (1% (w/v) in acetone),
respectively. The chemical structure of the prod-
ucts were ascertained by NMR, mass spectrum
and elemental analyses. Analysis of salicyl-tyro-
sine: Calculated for C;(H,;NO;: C, 63.78; H,

5.02; N, 4.65. Found: C, 63.43; H, 5.08; N, 4.63.
EI-MS m /z: 301. Analysis of salicyl-methionine:
Calculated for C,H ;NO,S: C, 53.52; H, 5.61; N,
5.20. Found: C, 53.31; H, 5.48; N, 5.21. EI-MS
m/z: 269. NMR and mass spectra were taken on
a JEOL FX90Q Fourier transform spectrometer
(JEOL Ltd, Tokyo, Japan) and a JEOL JMS-
DX303 mass spectrometer (JEQL Ltd), respec-
tively. Elemental analyses were performed by the
Center for Organic Elemental Microanalysis, Na-
gasaki University.

Stability analysis was carried out in 0.] M
phosphate buffer solutions of pH 2.5, 6.0 and 7.5
at 37°C, employing a drug concentration of 100
wg/ml as salicylic acid. The pH of the buffer
solution was adjusted to the desired value by
using a buffer system consisting of 0.1 M H,;PO,
and 0.1 M Na,HPO,-12H,0O. Salicyl-tyrosine
and salicyl-methionine were completely stable
(100% remaining) at each pH after a 24 h incuba-
tion.

Animals

Male albino rabbits weighing 2-3 kg were used
throughout the study. The animals were individu-
ally housed in cages in an air-conditioned room
and maintained on a standard laboratory diet
(ORC4, Oriental Yeast Co., Ltd, Tokyo, Japan).

In vivo experiments

The rabbits were starved for about 24 h prior
to use for experiments but had free access to
water. Salicyl-tyrosine and salicyl-methionine
were dissolved in NaOH (equivalent to salicyl-
tyrosine or salicyl-methionine). Following oral,
intravenous, intracecal and rectal administration
of drug, blood was collected with a heparinized
syringe at appropriate time intervals from an ear
vein and centrifuged at 8000 X g for 5 min. Blood
concentration of drug was calculated as salicylic
acid from the calibration curve. The area under
the blood concentration-time curve (AUC) was
calculated by the trapezoidal method (Yamaoka
et al., 1978).

Oral administration of drug: The drug solution
(434 pmol/kg: salicylic acid equivalent) was ad-
ministered orally by gastric intubation.



Intravenous administration of drug: The drug
solution (72 pmol/kg: salicylic acid equivalent)
was administered intravenously via an ear vein.

Intracecal administration of drug: Animals
were anesthetized with sodium pentobarbital (25
mg/kg), given intravenously, via an ear vein. Af-
ter complete anesthesia, midline incision (2-3
cm) was made, and the drug solution (36
wmol /kg: salicylic acid equivalent) was adminis-
tered by direct injection into the cecum by sy-
ringe. Leakage of drug solution at the injection
site was not observed. The abdomen was closed
with operative stitching.

Rectal administration of drug: The drug solu-
tion (36 wmol /kg: salicylic acid equivalent) was
administered rectally, and the anus was closed
with a plastic clip to prevent leakage of the rectal
contents during the experiment.

In vitro incubation of salicyl-tyrosine and salicyl-
methionine with gut contents

Non-starved rabbits were anesthetized with an
intravenous injection of sodium pentobarbital (25
mg /kg). After the five segments (jejunum, upper
ileum, lower ileum, cecum and colon) of the
intestine were cut open, their contents were col-
lected separately. 10 ml portion of salicyl-tyrosine
or salicyl-methionine (100 wg/ml: salicylic acid
equivalent) in saline was added to a gut content
(1 g wet weight) and the mixture was incubated
for 6 h at 37°C. At appropriate time intervals, a 1
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ml portion of the mixture was withdrawn and
centrifuged at 8000 X g for 5 min. The super-
natant (0.2 ml) was subjected to assay.

Analytical method

Salicyl-tyrosine, salicyl-methionine and sali-
cylic acid in blood and supernatant fluid in the in
vitro experiment were analyzed by HPLC accord-
ing to the method of Cham et al. (1979) with
slight modifications. Details of the analytical
method have been described in our previous pa-
per (Nakamura et al., 1992). The chromato-
graphic mobile phase consisted of a mixture of
acetic acid-methanol-water (4:35:65 and
4:45:55 v /v, for detection of salicyl-tyrosine and
salicyl-methionine, respectively). In the case of
detection of salicyl-tyrosine, the retention times
of salicyl-tyrosine, salicylic acid and the internal
standard were 14.7, 12, and 6.8 min, respectively.
For salicyl-methionine, the retention times of sal-
icyl-methionine, salicylic acid and the internal
standard were 9.7, 7.4, and 4.3 min, respectively.

Results and Discussion

The use of metabolism in intestinal microor-
ganisms has been attracting attention in the field
of prodrug development. However, little is known
about the relationship between the physicochemi-
cal properties and disposition characteristics of
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Fig. 1. Blood concentration of salicyl-tyrosine or salicyl-methionine, and salicylic acid following oral administration of salicyl-tyro-

sine (A) and salicyl-methionine (B) (434 xmol/kg: salicylic acid equivalent) to rabbits. (A) (O) Salicyl-tyrosine, (®) salicylic acid (6);

(B) (&) salicyl-methionine, (®) salicylic acid (5). Numbers in parentheses represent number of experiments. Each point represents
the mean + S.E.
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prodrugs. The overall goal of this research is the
accumulation of systematic information on the
pharmacokinetic characteristics of several amino
acid-salicylic acid conjugates having various
physicochemical properties.

Oral administration of salicyl-tyrosine and salicyl-
methionine

The blood concentrations of salicyl-tyrosine or
salicyl-methionine, and salicylic acid following
oral administration of these prodrugs were deter-
mined in rabbits. As shown in Fig. 1A, a small
amount of salicyl-tyrosine (< 3.7 wg/ml, as sali-
cylic acid) was detected in the blood. Salicylic
acid appeared in the blood gradually and reached
a peak blood concentration (21.1 pg/ml) at 15 h,
indicating hydrolysis of salicyl-tyrosine. The blood
concentration of salicylic acid remained above 8.2
weg/ml up to 36 h. Similarly to salicyl-tyrosine,
salicylic acid was also detected in the blood fol-
lowing oral administration of salicyl-methionine
and reached a maximum level (6.4 ug/ml) at 18
h after dosing (Fig. 1B). The AUC(0-36 h) value
for salicylic acid following oral administration of
salicyl-tyrosine was greater than that of salicyl-
methionine (28 586.2 vs 79159 wg ml~' min). In
contrast, the AUC values for salicyl-tyrosine and
salicyl-methionine were reversed (3153.8 vs 5536.9
wg ml~! min). The difference in the blood con-
centration of salicylic acid following oral adminis-
tration of salicyl-tyrosine and salicyl-methionine
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may be due to variation in the absorbability of
prodrug from the stomach and intestines. In or-
der to deliver salicylic acid as proposed, the pro-
drugs must reach the cecum/colon in large
amounts in order to utilize the metabolic activity
of the gut microflora to slowly release salicylic
acid, followed by its absorption across the colonic
mucosa. Also, the difference in hydrolyzing activ-
ity of enzyme was considered to be one of the
causes of differences in the systemic bioavailabil-
ity of salicylic acid.

Recently, it was reported that steroid glyco-
sides and the unique glycosidase activity of the
colonic microflora form the basis of a colon-
specific drug delivery system (Friend and Chang,
1984, 1985; Friend et al., 1991a,b; Tozer et al.,
1991). Drug glycosides are hydrophilic and, thus,
are poorly absorbed from the stomach and small
intestine. Once such a glycoside reaches the colon
it can be cleaved by bacterial glycosidases, releas-
ing the parent drug to be absorbed by the colonic
mucosa. Based on the data obtained, salicyl-tyro-
sine was apparently transported to the cecum and
colon after passing through the stomach and small
intestine without appreciable loss due to absorp-
tion.

Intravenous administration of salicyl-tyrosine and
salicyl-methionine

Salicyl-tyrosine and salicyl-methionine were
administered intravenously to examine the sys-
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Fig. 2. Blood concentration of salicyl-tyrosine or salicyl-methionine, and salicylic acid following intravenous administration of

salicyl-tyrosine (A) and salicyl-methionine (B) (72 mmol/kg: salicylic acid equivalent) to rabbits. (A) (O) Salicyl-tyrosine, (o)

salicylic acid (4); (B) ( ») salicyl-methionine, (®) salicylic acid (5). Numbers in parentheses represent number of experiments. Each
point represents the mean + S.E.



temic de-conjugation. Both salicyl-tyrosine and
salicyl-methionine were rapidly eliminated from
the blood (Fig. 2A and B). The blood concentra-
tion profiles of the two prodrugs were similar and
no significant difference was seen in the AUC
value between salicyl-tyrosine (749.2 + 149.9 ug
ml~' min) (mean+S.D., N=4) and salicyl-
methionine (1185.6 + 406.8 wg ml~! min) (mean
+ S.D., N =5). At the same time, a trace amount
of salicylic acid was detected with salicyl-tyrosine
and salicyl-methionine. The Ilocation of
metabolism is probably the intestinal mucosa
and/or in the lumen of the small and/or large
intestine. In the latter case, intestinal microor-
ganisms might be responsible for presystemic de-
conjugation of the prodrugs. Since we previously
showed that the intestinal mucosal de-conjuga-
tion of salicyl-L-alanine did not occur in the in
situ intestinal sac preparation with complete
mesenteric venous blood collection (Nakamura et
al., 1992), it appears that metabolism by intestinal
microorganisms is mainly responsible for the
presystemic de-conjugation of salicyl-tyrosine and
salicyl-methionine.

Intracecal administration of salicyl-tyrosine and
salicyl-methionine

Scheline (1968, 1973) reviewed much of the
literature on the distribution of microorganisms
in the gastrointestinal tract and indicated that the
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stomach, duodenum, jejunum and upper ileum
are only sparsely populated. Increasing numbers
of organisms exist in the distal ileum, and a
significant increase in number is seen at the ileo-
cecal valve in humans. In addition, in the review
of Williams (1972), it was reported that the loca-
tion of microorganisms along the gastrointestinal
tract was similar in rabbits and humans. There-
fore, salicyl-tyrosine and salicyl-methionine were
administered directly into the eecum followed by
measurement of salicylic acid and its prodrugs in
blood. Fig. 3A and B shows the blood concentra-
tion of salicyl-tyrosine or salicyl-methionine, and
salicylic acid following intracecal administration
of the prodrugs. Both salicyl-tyrosine and salicyl-
methionine were detected at relatively low con-
centrations. The low blood concentration profiles
of these prodrugs indicate the extensive forma-
tion of salicylic acid from them in the cecum. It
was thus demonstrated that salicyl-tyrosine and
salicyl-methionine were hydrolyzed by the intesti-
nal microorganisms. Since there is a possibility
that salicylic acid produced by microorganisms
and these prodrugs has antibacterial activity, it
might affect the hydrolytic activity of intestinal
microorganisms. Therefore, further studiés, are
needed to examine the effect of salicylic acid and
these prodrugs on the intestinél microorganismis.
No significant difference in the AUC(0-12 h) for
salicylic acid was observed between Ysalicyl—tyro-
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Fig. 3. Blood concentration- of salicyl-tyrosine or salicyl-methionine, and salicylic acid following intracecal ‘administration of

salicyl-tyrosine (A) and salicyl-methionine (B) (36 wmol/kg: salicylic acid equivalent) to rabbits. (A) (O) Salicyl-tyrosine, (o)

salicylic acid (5); (B) () salicyl-methionine, (®) salicylic acid (7). Numbers in parentheses represent number of experiments. Each
point represents the mean + S.E.
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Fig. 4. Time courses of salicylic acid appearing in the medium during incubation of salicyl-tyrosine (A) and salicyl-methionine (B)
(1000 wg salicylic acid equivalent) with rabbit gut contents (1 g wet weight). Each point represents the mean + S.E. of eight
experiments. ( &) jejunum, (O) upper ileum, (M) lower ileum, (O) cecum, (®) colon.

sine (2562.6 + 458.5 ug ml~! min) (mean + S.D.,
N = 5) and salicyl-methionine (2187.1 + 762.9 ug
ml~! min) (mean + S.D., N=7).

In vitro incubation of salicyl-tyrosine and salicyl-
methionine with gut contents

The salicyl-tyrosine- and salicyl-methionine-hy-
drolyzing activities in the contents from different
regions of the intestinal tract were determined.
The results are shown in Fig. 4A and B. The
hydrolyzing activities in the contents from the
jejunum, upper ileum and lower ileum were al-
most negligible. In contrast, the formation of
salicylic acid from salicyl-tyrosine and salicyl-
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methionine increased with time in the contents
from the cecum and colon, indicating that the
contents from the hind gut were the major source
of metabolism of salicyl-tyrosine and salicyl-
methionine. In addition, the cecal content dis-
played greater hydrolysis activity than the colonic
content in both prodrugs. This is probably due to
the difference in population and class of microor-
ganism in cecum and colon.

Since there are many indications that intesti-
nal microorganisms exist mainly in the cecum and
colon, such observations provide support for the
hypothesis that salicyl-tyrosine and salicyl-
methionine are hydrolyzed by intestinal microor-
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Fig. 5. Blood concentration of salicyl-tyrosine or salicyl-methionine, and salicylic acid following rectal administration of salicyl-

tyrosine (A) and salicyl-methionine (B) (36 wmol /kg: salicylic acid equivalent) to rabbits. (A) (O) Salicyl-tyrosine, (®) salicylic acid

(5); (B) (a) salicyl-methionine, (®) salicylic acid (5). Numbers in parentheses represent number of experiments. Each point
represents the mean + S.E.



ganisms in rabbits. Activities of pancreatic amy-
lase and total protease were reported to decrease
distally from the small bowel to the sig-
moid /rectum region of the large intestine in hu-
mans (Macfarlane et al., 1989). While this finding
suggests that salicyl-tyrosine and salicyl-
methionine are not hydrolyzed by digestive en-
zymes, further studies are needed to clarify the
precise mechanism by which salicyl-tyrosine and
salicyl-methionine are hydrolyzed in rabbit gas-
trointestinal tract.

The hydrolyzing activity of salicyl-methionine
in the contents from the cecum and colon was
higher than that of salicyl-tyrosine, but not signif-
icant. This finding suggests that the large differ-
ence in the systemic bioavailability of salicylic
acid following oral administration of salicyl-tyro-
sine and salicyl-methionine was caused by differ-
ences in gastric and /or intestinal rate of absorp-
tion.

Rectal administration of salicyl-tyrosine and sali-
cyl-methionine

The rectal route has a definite advantage over
the oral route for drugs that are destroyed by
gastric acidity or by enzymes in the intestinal
wall. Potentially, the rectal route may also par-
tially reduce the first-pass hepatic loss.

Both salicyl-tyrosine and salicyl-methionine
were absorbed intact to some extent following
rectal administration (Fig. 5A and B). Portions of
salicyl-tyrosine and salicyl-methionine doses were
hydrolyzed to salicylic acid, which was subse-
quently absorbed. The blood concentration of
salicylic acid increased gradually with time up to
12 h following prodrug dosing. These results sug-
gest that microbial metabolism of salicyl-tyrosine
and salicyl-methionine was responsible for the
prolonged blood concentration of salicylic acid
after rectal administration. In contrast with oral
administration, the AUC(0-12 h) value for sali-
cylic acid following rectal administration of sali-
cyl-tyrosine (252.8 wg ml~! min) was similar to
that of salicyl-methionine (340.4 g ml~! min).

In conclusion, extended blood concentration of
salicylic acid following oral administration of sali-
cyl-tyrosine was observed compared with salicyl-
methionine. It appears that poor absorbability is

65

required so that substantial amounts of prodrug
reach the primary site utilizing the metabolism of
the intestinal microorganisms. We are currently
performing experiments to obtain more pro-
longed and constant blood concentrations of sali-
cylic acid through the use of other prodrugs.
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