tantly, there is insufficient methotrexate entering the cell to saturate all
the dihydrofolate reductase present and, therefore, little free metho-
trexate exists inside the cell at any time. It has been demonstrated (24,
25), however, that the persistence of the free intracellular methotrexate
accounts for its cytotoxic action. Thus, through model simulations, the
measured concentrations in tumors are shown to consist almost entirely
of extracellular and bound intracellular concentrations in various pro-
portions, depending on the time and the dose. Since the transport rate
has already reached its maximal value at this high dose (Fig. 6), a further
increase in the dose would only shift the extracellular curve and, corre-
spondingly, the tissue average curve upwards without a large concomitant
increase in the intracellular concentration during the first 2-3 hr. The
transport rate would be near the maximum level, only dropping at a later
time.

These predictions will be altered, however, if a passive process plays
an increasingly significant role as the dose is increased further. This role
is still largely unknown at the present time. Nevertheless, what happens
at even higher doses is probably of theoretical interest only. In practice,
there is a limit to which the dose can be further increased; the LDsg of
the drug in mice is 350 mg/kg (26).
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Abstract O Studies utilizing the in vitro everted rat jejunum were per-
formed to investigate the effects of proadifen pretreatment and fasting
on active and passive intestinal transfer of 3-O-methylglucose. Animals
were pretreated 24 hr prior to the experiments with 100 mg of proadi-
fen/kg ip. With mucosal concentrations of 0.1 mM 3-0-methylglucose
and 14C-3-O-methylglucose, transfer to the sugar-free serosal buffer after
preireatment with proadifen was 50% greater than controls after a 24-hr
fast and 120% greater than controls after a 48-hr fast. Everted intestinal
segments obtained from unfasted control animals showed diminished
ability to transfer the sugar derivative, with transfer rates approximately
50% less than those of segments obtained from 24-hr fasted control ani-

mals. Wet and dry tissue weights for 24- and 48 hr-fasted groups increased
following proadifen pretreatment. The results suggest that proadifen
enhances 3-0O-methylglucose transport across the rat jejunum and also
increases intestinal tissue weight.

Keyphrases O Enzyme induction—effect of proadifen on intestinal
methylglucose transport, rats, fasting O Enzyme inhibition—effect of
proadifen on intestinal methylglucose transport, rats, fasting £ Meth-
vlglucose—effect of proadifen on intestinal transport, rats, fasting 0
Proadifen—-effect on intestinal methylglucose transport, rats, fasting

Several monosaccharides, amino acids, vitamins, and
clinically employed drugs are absorbed from the intestinal
lumen by carrier-mediated processes. A 3-O-methyl de-
rivative of d-glucose has been shown to be absorbed across
the mucosal epithelia by an active transport mechanism

0022-3549! 79/ 0800-0945$01.00/C
© 1979, American Pharmaceutical Association

(1, 2). Since this derivative is not utilized by animal tissue
(1), as is d-glucose, it is a useful agent for specific exami-
nation of active sugar transport by intestinal tissue.
Chemical agents capable of altering cell metabolism
influence active absorption processes in the intestine (3-8).
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Dicumarol in mucosal solutions inhibited galactose active
uptake by the rat small intestine (3). Cardiac glycosides
such as strophantidin (4) and ouabain (5) reduced active
sugar absorption, possibly due to influence on Nat-K+
ATPase, an apparently important component of the
translocation mechanism. On the other hand, pretreat-
ment of rats with parathion, a widely used insecticide, el-
evated intestinal glucose transport, as shown by increases
in serosal-mucosal gradients (6). Subcutaneous pheno-
barbital in rats increased active bile salt ileal absorption
(7) and enhanced the ability of duodenal tissue to take up
59Fe-iron sulfate (8).

Previous studies demonstrated that 24-hr pretreatment
of rats with 100 mg of proadifen/kg ip increased intestinal
transport capabilities for 3-O-methylglucose (2). Pheno-
barbital and 3,4-benzo{a]pyrene treatment schedules had
no significant influence on 3-O-methylglucose transport.
In addition, proadifen possessed spasmolytic activity on
the small intestine since 24-hr fasting periods prior to the
experiments were insufficient to render the lumen free of
food and fecal materials.

The present investigation was undertaken to distinguish
the nonfasting effects on active 3-O-methylglucose ab-
sorption from the proadifen pretreatment effects.

EXPERIMENTAL

Animals and Treatment—Male Sprague-Dawley rats!, 176-255 g,
were maintained on regular rat chow and water ad libitum. Prior to
preparation of in vitro everted sacs, the rats were fasted for 24 or 48 hr,
depending on the experiment. Water was allowed ad hibitum.

Proadifen hydrochloride?-pretreated animals received 100 mg of
drug/kg ip either 24 or 48 hr prior to the experiment. The necessary
proadifen hydrochloride dose was administered in <0.5 ml of water, with
control animals receiving 0.4 ml of water.

Preparation of Everted Jejunal Sacs—While anesthesia was
maintained with ether, a midline incision was made; the small intestine
was removed carefully and then rinsed several times with cool saline. The
tirst 15 ¢cm distal to the pylorus was discarded, and the remaining intes-
tine was everted over a glass rod.

‘T'en-centimeter segments of everted intestine were prepared as everted
ligated sacs as described previously (9) or were cannulated (10). Both the
serosal and mucosal bathing butfers consisted of pH 7.4 Krebs-Henseleit
buffer with the pH determined before and after incubation in the tissue
preparation. The serosal buffers were bubbled with 95% oxygen- 5%
carbon dioxide before installation into the sacs; the mucosal buffers were
bubbled prior to and during the experiment. Temperature over the in-
cubation period was maintained at 37 £ 0.2° by a circulating water
hath®.

Uptake and Transfer of 'C-3-0O-Methylglucose from 0.1 mM
Mucosal Solutions—Everted ligated sacs from 24- and 48-hr fasted and
unfasted animals were filled with 1.0 ml of buffer free of 3-O-methyl-
slucose and incubated in 0.1 mM methylglucose in 10 ml of mucosal
buffer. Sugar transfer and uptake were examined for sacs from hoth
control and proadifen-pretreated animals under various fasting condi-
tions, with one-half of all sacs incubated in 0.08 mM phlorizin? as well.
All mucosal solutions contained initially 0.3 Ci of HC-3-0-methyl-
glucose” with appropriate addition of unlabeled 3-0-methylglucose®. In
separate studies, 107% M proadifen hydrochloride was incorporated into
mucosal and serosal butfers of segments from control animals.

Atter 30 min of incubation, the sacs were emptied and the volumes were
recorded with sequential dilution of 2 m! with water. One-tenth-milliliter
serosal and mucosal samples were saved for liquid scintillation counting.
Following rinsing and weighing of the sac tissue, the tissue was homoge-
nized” with 2 ml of methanol and centrifuged. A portion of the methanol

U Pexas Inbred Mice Co., Houston, Tex,

2 Supplied by Smith Kline and French Laboratories, Philadelphia, Pa.
4 Blue M, model 1152,

+ Sigma Chemical Co., S1. Louis, Mo.

5 New England Nuclear, Boston, Mass.

f Calbiochem, Los Angeles, Calif.

7 Polytron model 125-C, Brinkmann Instruments.
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Table I —Effects of Fasting and Proadifen Pretreatment on
14C-3- O-Methylglucose 2 Transfer and Tissue Uptake across
the Everted Rat Small Intestine

Amount Trans- 30-min
ferred to Serosal Tissue Up-
Fluid in 30 min®, take®, mM X
Condition n mM X 10~9 1076
1-Day fast
Untreated 19 21.82 + 4.56 26.60 £ 3.74
Proadifen 8 33.09 £ 7.84¢ 33.64 £ 7.11°¢
2-Day fast
Untreated 4 17.73 + 2.64 26.68 + 4.71
Proadifen 4 39.04 + 8.40¢ 32.82 + 3.29¢
Unfasted
Untreated 6 9.95 £ 1.25¢ 20.45 + 0.99¢

2 Initial mucosal concentration = 0.1 mM. ® Mean £ SI). ¢ p < 0.05 compared
to untreated of same fast period. ¢ p < 0.05 compared to 1-day untreated.

supernate was counted. Approximately 90% of the total initial label could
he accounted for by the butfer and tissue samples.

Serosal to Mucosal Concentration Gradients—Cannulated sacs
from 24-hr fasted treated and control animals as well as untreated un-
fasted animals were incubated with 1.0 mM 3-0O-methylglucose in both
mucosal and serosal buffers. The mucosal volume was 60 ml; the serosal
volume was 2 ml. After 30 min, the concentration and amount. of 14C-
3-0-methylglucose in the mucosal solution, the serosal solution, and the
intestinal tissue were determined. Before the segments were homogenized
with methanol, they were rinsed with 1 ml of water and their wet weights
were recorded.

Transfer Rates of 14C-3-O-Methylglucose as a Function of In-
cubation Time—Ten-centimeter everted segments from 24-hr fasted
control and proadifen-pretreated animals were suspended in 60 ml of 10
mM 3-0-methylglucose buifer. Of the two segments utilized from each
animal, one was randomly chosen for incubation with either 0.08 or 0.8
mM phlorizin. Two milliliters of sugar-free buffer was placed into the
serosal compartment. Every 10 min over the 2-hr experiment, the 2 mi
of buffer was withdrawn followed by a 2-ml serosal rinse and instillation
of another 2 ml for the subsequent time interval. ‘The rinse was combined
with the initial sample for that 10-min period, and its radioactivity was
determined.

Determination of Tissue Weights and Extracellular Space—In
separate experiments, wet and dry intestinal tissue weights were recorded
for 24- and 48-hr fasted control and pretreated animals. Wet weights were
measured after segments were thoroughly rinsed and drained. The
wet tissue was placed on tared slides, dried for 2 hr at 120°, and re-
weighed.

Extracellular space values were obtained for whole sac preparations.
Five-centimeter ligated everted segments were incubated with serosal
and mucosal buffers containing 0.625 uCi/ml of 14C-carboxyvinulin® (0.05
mQCi/19.6 mg). The mucosal volume was 10 ml; the serosal volume was
(.5 ml. All butters were gassed with the oxygen carbon dioxide mixture,
and the preparations were incubated at 37° for 60 min.

Upon completion of the incubation, the sacs were rinsed, drained, and
halved tor weighing in tared vials. The tissue contents of the vials were
then digested with 1.5 ml of alkaline digestant® at 45° until digestion was
complete. Before neutralization with acetic acid, the vials were allowed
to cool. Five milliliters of liquid scintillation cocktail® was added to each
vial, and the radioactivity was determined. Values of extracellular space
were calculated from the following relationship (11):
extracellular space (ml/g)

cpm/g of Lissue

= " T - (Eq. 1)
cpm/ml of mucosal inulin solution 4

Assay-—Samples of serosal buffers, mucosal butfers, and tissue extracts
were placed in vials containing 7 ml of scintillant, and their radioactivity
was determined with a liquid scintillation spectrometer!®. Counts per
minute were corrected for quenching by standardized quench curves.

RESULTS

These studies were designed to examine the effect of proadifen pre-
treatment and length of tast on active and passive 3-()-methylglucose

8 NCS, Amersham/Searle Corp., Arlington Heights, 11
9 PCS, Amersham/Searle Corp., Arlington Heights, 111
10 Packard Tri-Carb model 3:326.



Table II—Effects of Fasting and Proadifen Pretreatment on
14C-3-O0-Methylglucose @ Transfer and Tissue Uptake across
Phlorizin b-Incubated Everted Rat Intestinal Sacs

Amount Trans- 30-min
ferred to Serosal Tissue Up-
Fluid in 30 min¢, take¢, mM X
Condition n mM X 10-6 10-8
1-Day fast
Untreated 19 4.87 £ 1,22 7.85 + 1.68
Proadifen 8 2.64 + 0.81¢ 5.32 £ 1.53
2-Day fast
Untreated 4 4.10 £ 0.52 7.93 £ 0.46
Proadifen 4 4.50 £ 1.24 7.88 + 0.90
Unfasted
Untreated 6 2.50 + 0.62¢ 7.41 £0.64

@ [nitial mucosal concentration = 0.1 mM. ® Concentration of phlorizin in mucosal
and serosal buffer = 0.08 mM. « Mean + SD. 9 p < 0.05 compared to untreated of
same fast period. ¢ p < 0.05 compared to 1-day fasted untreated.

transfer across everted rat intestinal segments. Following 24 hr pre-
treatment with proadifen, the lumens of the 24-hr fasted group were
distended with fecal matter; 48-hr fasting provided lumens free of matter.
Variation of fasting periods allowed an assessment of fasting and
proadifen effects on the mucosal to serosal sugar transfer. By including
phlorizin, a glucose transport inhibitor (12), in the incubation medium,
passive 3-O-methylglucose transfer could be examined separately. Fur-
ther studies were conducted to determine alterations in wet and dry in-
testinal tissue weight and whole tissue extracellular space as a result of
tasting and proadifen pretreatment.

Study A: Uptake and Transfer of 4C-3-O-Methylglucose from
0.1 mM Mucosal Solutions—To examine the effects of fasting and
proadifin pretreatment on mucosal to serosal transfer and tissue uptake
of the actively transported sugar, animals were divided into five groups:
unfasted animals, 24- and 48-hr fasted control animals, and 24- and 48-hr
fasted animals that were pretreated with proadifen 24 hr prior to segment
preparation. Table I gives values for the amount of 3-O-methylglucose
transferred to the initially sugar-free serosal butfer in 30 min. Everted
segments from 24- and 48-hr fasted proadifen-pretreated animals
transferred significantly greater amounts of the labeled sugar than the
corresponding fasted controls, with increases approximating 52 and 120%,
respectively. Segments obtained from unfasted animals transferred 54%
less labeled 3-()-methyigiucose in 30 min than the 24-hr fasted con-
trols.

Tissue sugar levels were elevated in the proadifen-treated group while
the sugar levels in the sacs from unfasted animals were significantly (p
< 0.05) lower than the fasted controls. Due to measured increases in wet
tissue weight for the pretreated group, no differences were noted between
treated and control fasted groups when comparisons were made based
on counts per gram of tissue, Counts per gram of tissue determined from
sacs from unfasted animals were signiticantly (p < 0.05) less than the
other experimental groups.

Of the two 10-cm intestinal segments utilized from each animal, one
was chosen in an alternating pattern for incubation in a similar 3-0-
methylglucose buffer containing 0.08 mM phlorizin. In experiments
where the phlorizin concentration was varied, this inhibitor level provided
maximum 3-0-methylglucose transport inhibition. Phlorizin dramatically
reduced sugar mucosal to serosal transfer and tissue uptake in all ex-
perimental conditions, and this transfer was assumed to represent the

Table IHI—Effects of Unfasting and 1-Day Fasting of Controls
and Proadifen-Pretreated Animals on Final C-3}-0-
Methylglucose 2 Concentration Ratios and Tissue Levels (n = 6)

Proadifen

Treated?® Unfasted®

1.091 £ 0.173

Parameter Fasted®

Final ratio, 1152 £ 0.057 1,426 £ 0.094¢
serosal- mucosal
Serosal gain9,
mM X 107
Wet tissue
Wi -Il
Tisst.c
concentration,
mM X 107

 nitial mucosal and serosal concentration = Lo mM. » Mean £ SD.  p <0.05
mm{)arcd to -day fasted control. ¢ Obtained by subtracting initial amount from
final amount.

184 £0.092 0706 £ 0.190¢  0.082 £+ 0.340

0.701 £ 0102 0.859 £ 0.080¢  0.887 + 0.091¢

1.504 £ 0.307  1.729 £ 0.271 238 4 0.463
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Figure 1 —Mean 10-min transfer rates of 4C-3-O-methylglucose across
the everted rat intestine of control and proadifen-pretreated animals
versus incubation time in a 10 mM mucosal buffer. Key: @, proadifen
pretreated alone; A, control alone; O, proadifen pretreated in the
presence of phlorizin (0.08 mM); and A, control in the presence of
phlorizin (0.08 mM).

passive component of the sugar transfer. As can be seen in Table 11, sig-
nificantly less 3-0-methylglucose was transferred to the serosal com-
partment for unfasted and 24-hr fasted treated animals.

Study B: Serosal to Mucosal Concentration Gradients across
Intestinal Segments from 1-Day Fasted Control, 1-Day Fasted
Proadifen-Treated, and Unfasted Control Animals—The ability of
everted segments from unfasted control, 24-hr fasted control, and 24-hr
fasted proadifen-treated animals to generate concentration gradients
for the sugar between mucosal and serosal buffers was examined. 3-0-
Methylglucose, 1 mM, was incorporated into both the 60-ml mucosal
hutfers and the 2-ml serosal buffers followed by a 30-min incubation.
Final concentration ratios, net serosal gains in 3-0-methylglucose, and
wet tissue weights are presented in Table I11. Segments from pretreated
animals exhihited greater final gradients than those of the control and
unfasted groups. Intestinal tissue from treated and unfasted animals was
greater in wet tissue weight per length than that of 24-hr fasted con-
trols.

Study C: *C-3-0O-Methylglucose Transfer as a Function of In-
cubation Time—Cannulated everted intestinal sacs, prepared from
24-hr fasted control and pretreated animals, were utilized to examine
active and passive transfer of 3-0-methylglucose across isolated segments
over extended incubation periods. The sugar transfer rates at 10-min
intervals as a function of incubation time appear in Fig. 1. With phlorizin
excluded from the bathing solutions, marked increases in 3-(J-methyl-
glucose transfer to the serosal buffers were noted at 10, 20, and 30 min
for segments obtained from pretreated animals, with percentage increases
over controls of 120, 100, and 75% for the three time periods, respec-
tively.

After 30 min, the average rate tor the proadifen group progressively
fell; rate values from 70 to 120 min were similar to those of the control
sacs and phlorizin-incubated sacs of treated and untreated animals for
the same time period. The fall in transfer rates and the similarity to
passive rates may represent transport system deterioration in isolated
segments with long incubation times.

For phlorizin-incubated sacs, the amount of labeled sugar appearing
in the serosal buffers up to 30 min was reduced in the proadifen group
compared to controls. Passive transfer rates in both control and treated
groups progressively increased with incubation, possibly suggesting
mucosal membrane barrier deterioration with extended incubation pe-
riods (13).

Study D: Uptake and Transfer of 14C-3- O-Methylglucose by In-
testinal Tissue following 40-hr Proadifen Pretreatment— Prelimi-
nary studies examining concentration gradients across ligated sacs from
24-hr fasted animals representing control, 12-hr proadifen pretreatment,
and 24-hr proadifen pretreatment groups demonstrated only moderate
increases in final concentration gradients following 12-hr pretreatment.
T'o determine whether the effects noted after 24 hr were temporary or
became more evident when longer intervals separated the time of injec-
tion and transfer measurements, a 40-hr interval between dosing and
sacrifice was chosen.

The animals were fasted 24 hr prior to the experiment. ‘Thirty-minute
transfer and uptake were determined tor ligated sacs in 0.1 mM 3-0-
methylglucose buffers. No differences were ohserved between control
and 40-hr treated animals, with serosal transfer values of 2.26 + 0.50 X
107" and 2.75 £ 0.24 X 1075 mM/10 cm/30 min, respectively. Likewise,
tissue levels of the laheled sugar suggested no enhanced sugar uptake by
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Table IV—Effects of In Vitro Proadifen on 10-min Serosal
Transfer and Tissue Uptake of 14C-3-0-Methylglucose 2 across
the Everted Rat Small Intestine (n = 4)

Amount Trans- 10-min
ferred to Serosal Tissue Up-
Fluid in 10 min?, take?, mM X
’I‘reat_ mM X 10—6 10-6
ment Phlorizin©  Control Phlorizin¢ Control
Untreated 1.454 £ 4.534 + 6.302 + 17.910 +
0.255 0.220 0.860 6.259
Proadifen 1.594 + 5.133 7.082 + 17.838 &
incubated 0.333 0.576 0.933 4.449

@ Initial mucosal concentration = 0.1 mM. ® Mean £ SD. ¢ Phlorizin concen-
{ration in serosal and mucosal butfer = 0.08 mM

the treated group, with a value of 2.68 + 0.24 X 10~> mM /10 ¢em/30 min
for the 40-hr pretreated group.

Study E: Uptake and Transfer of 4C-3-0O-Methylglucose for
Ligated Segments Incubated in 10~3 M Proadifen—Possible direct
alterations of sugar transport by proadifen were investigated by dissolving
10~ M proadifen in the incubation buffers. This concentration was based
on reported alterations in the permeability of human erythrocytes (14)
and rat hepatocytes (15) in the presence of 1072-10~4 M proadifen. In
vitro drug incubation did not influence mucosal to serosal passive transter
of the sugar in the sac preparations (Table IV). Wet tissue weights were
also similar.

Study F: Determination of Wet and Dry Intestinal Tissue
Weights—To determine whether the larger values for wet tissue weight
were the result of fluid accumulation or tissue proliferation, wet and dry
intestinal tissue weights of 24-hr fasted control and treated animals as
well as 48-hr fasted groups were recorded. While the lumens of 24-hr
fasted proadifen-treated animals were filled with fecal matter, the lumens
of the remaining three groups were clear. In both treated groups, the wet
and dry tissue weight increased significantly over controls {Table V). Wet
tissue weight determinations were greater by 23 and 32% and dry tissue
weight determinations were greater by 30 and 27% for 24- and 48-hr tasts,
respectively.

Study G: Determination of Whole Tissue Extracellular Space- -
Measurements of the intestinal tissue extracellular space of 24- and 48-hr
fasted, control and treated groups were conducted with '4C-car-
boxyinulin. No significant differences in whole tissue extracellular space
were demonstrated (Table V).

DISCUSSION

As noted in Studies A and C, intestinal segments from unfasted and
24-hr fasted proadifen-treated animals displayed reduced mucosal to
serosal passive transfer compared to fasted controls. These two groups
coincided with those found to have fecal material in their lumens at the
time of sac preparation. Literature reports suggest that differences exist
between fasted and unfasted animals with respect to intestinal absorption
(18, 17). Alterations in extracellular space as a result of fasting or drug
treatmemt could influence the passive absorption of water-soluble drugs
that transverse the mucosal epithelia by aqueous channels. Similar in-
creases in passive transfer rates with incubation time, as seen with 3-
()-methylglucose in Study C, were reported for water-soluble drugs that
are believed to pass the mucosal epithelia by aqueous pathways (13).
However, in the present study, no difterences were observed in the es-
tracellular space volume per gram of tissue. On the other hand, such
measured values are based on whole tissue space and may not be useful
in evaluating agueous channel volume in the absorption-limiting mucosal
epithelia (11).

In the present study, segments from unfasted animals displayed di-
minished serosal transfer when the active transport pathway was not
inhibited. If active and passive transfer and uptake are additive, the lower
transfer in the absence of phlorizin for unfasted segments cannot be ac-
counted for solely by lower passive transfer rates but must represent the
reduced ability of unfasted tissue to transport sugar actively. In contrast,
Newey et al. (18) found that fasting for 72 hr reduced active D-glucose
transport in hamsters. However, other investigators (19) reported ele-
vations in glucose and histidine transport with fasting,

Transfer and tissue weight data indicate that an intestinal segment’s
transfer abilities are not correlated with segment weight. Proadifen ele-
vated both the amount of 3-0-methylglucose transterred and the tissue
weight. However, increased intestinal weights noted tor the unfasted
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Table V—Effects of 24-hr Proadifen Pretreatment on Rat
Intestinal Tissue after 1- and 2-Day Fast #

Tissue Controlb-< Treated -
1-Day fast
Wet tissue weight, mg/cm 62.14 + 7.58 76.30 + 13.704
Dry tissue weight, mg/cm 7.04 £ 0.82 9.16 + 1.84¢
Extracellular space, ml/g 44.15 + 5.30 42.27 £ 2.56
2-Day fast

82.10 * 4.98¢
9.30 £ 0.48¢
41.59 + 3.84

2 One- and 2-day fast studies performed on separate days. ® Number of sacs =
8. ¢ Mean £ SI). 4 p < 0.05 compared to control.

62.12 £ 1.94
7.30 £ 0.26
41.58 £+ 3.43

Wet tissue weight, mg/cm
Dry tissue weight, mg/cm
Extracellular space, ml/g

groups did not coincide with elevations in transfer rates but with reduced
rates. Newey et al. (18) also showed the inappropriateness of direct
comparisons of the amount of sugar transported per gram of tissue in
hamsters.

Despite the presence or absence of fecal material in the intestinal lumen
as noted in Study A, proadifen pretreatment elevated mucosal to serosal
transfer of the sugar derivative. Likewise, wet and dry tissue weights were
greater in all pretreated groups than in controls of the same fast period.
Both ettfects appeared to be caused by an indirect mechanism and/or via
a proadifen metabolite since direct drug incubation did not alter sugar
transter (Study E). Of the three pretreatment periods in Study 1), 24-hr
pretreatment produced optimum enhancement.

Possible indirect mechanisms include the prolongation of the half-life
of endogenous steroids (20) or stimulated pituitary hormone release (20)
by proadifen or its metabolites. The hepatic microsomal enzvme inducer
phenobarbital increased intestinal tissue weight following several days
of administration (8). Further studies are necessary to clarify the
mechanism of proadifen’s effects on intestinal tissue and to evaluate
possible alterations in drug absorption following exposure to enzyme-
inducing and inhibiting agents.

In summary, enhanced 3-O-methylglucose transfer across in vitro
everted intestinal sacs and increased wet and dry intestinal tissue weights
were observed in 24-hr proadifen-pretreated rats. Both eftects apparently
were unrelated to the unfasted state of the lumen, resulting from
proadifen’s spasmolytic effects, since 48-hr fasting of treated animals
provided material-free lumens with the same effects. Proadifen en-
hancement of sugar transport appeared to be indirect since drug incu-
bation of segments produced no alterations. In control animals, 24- and
48-hr fasting decreased intestinal weight and increased mucosal to serosal
sugar transport as determined by everted intestine technigues.
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Abstract O Methods are described for the synthesis of dinoprost Co- and
C1s-monoesters using protective groups. Esters at Cg were synthesized
by acylation of dinoprost 11,15-bis(tetrahydropyran-2-ylether followed
by acid-catalyzed protective group removal. Esters at C5 were synthe-
sized by initial formation of the protected intermediate, dinoprost
9,11-n-butylboronate, followed by acylation and hydrolytic protective
group removal. Many esters were active in vivo in the hamster antifertility
screen. Plasma hydrolysis studies showed that the C;5-esters were more
readily cleaved than the Cq-esters. In vivo studies in the rat showed that
both the Cy- and C,s-esters resulted in urinary excretion of 5a,7a-dihy-
droxy-11-ketotetranorprosta-1,16-dioic acid in amounts comparable to
those obtained after dosing with dinoprost, indicating that ester hy-
drolysis occurred in vivo.

Keyphrases D Dinoprost—prodrugs, Ce- and C,5-monoesters, synthesis,
bioactivity O Prostaglandins—dinoprost, prodrugs, Co- and Cy5-mo-
noesters, synthesis, bioactivity 00 Prodrugs—dinoprost, Cg- and C5-
monoesters, synthesis, bioactivity

Previously, methods were described for the synthesis
of aromatic and aliphatic prostaglandins C,-esters, and the
utility of these prodrugs in improving solid-state stability
and oral absorption was reported (1, 2). This report de-
scribes synthetic routes for dinoprost Co- and C;s-mo-
noesters and an evaluation of ester bioactivity.

EXPERIMENTAL

Materials and Methods—Dinoprost and dinoprost 11,15-bis(tet-
rahydropyran-2-yl)ether (I)! (3) were pure by silica gel TLC. The acid
chlorides were obtained commercially2. Pyridine (analytical reagent) was
dried over molecular sieves? for 1 week prior to use. All other solvents were
glass-distilled quality*.

Column chromatography was conducted on 0.063-0.2-mm silica gel®.
Silica gel TLC was conducted on 250-um layer plates®, and visualization
was by spraying the developed plates with aqueous 15% ammonium
sulfate followed by charring on a hot plate. Prostaglandin ester mass
spectra were obtained” for (a) the trimethylsilyl derivative, (b) the
C,-methyl ester of the trimethylsilyl derivative, and (¢) the nonderiva-
tized compound. The methyl esters were obtained using diazomethane,
and the trimethylsilyl derivatives were obtained with a mixture of

! Supplied by the Research Division, The Upjohn Co.
2 Aldrich Chemical Co., Milwaukee, Wis., and Eastman Kodak Co., Rochester,

Y.

3 Beads, 10-16 mesh, 4 A, Davison Chemical Co., Baltimore, Md.
4 Burdick & Jackson Co., Muskegon, Mich.

5 Silica gel 60, EM Laboratories, Elmsford, N.Y.

6 Uniplate, Analtech Inc., Newark, Del.

7 LKB 9000 mass spectrometer.
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hexamethyldisilazane - trimethylchlorosilane - bis(trimethylsilyl)acet-
amide-pyridine (2:2:1:5).

Synthesis—Representative ester syntheses are described. The other
esters were synthesized similarly.

Dinoprost 9-n-Butyrate (I11b)—A solution of 100 mg of I (3) in a
mixture of 0.5 ml of butyric anhydride and 1 ml of pyridine was allowed
to stand at room temperature for 24 hr. Upon solvent removal at 45°
under vacuum, the residue was dissolved in 50 ml of acetone-acetic
acid-water (1:1:1). After 24 hr at 40°, the solvent was removed and the
residue was subjected to column chromatography on 75 g of silica gel.
Elution was achieved with ethyl acetate-acetic acid (97:3), and the
product fractions were identified by silica gel TLC with the same solvent
system. Evaporation of the pooled product fractions gave 51 mg of a
colorless oil, which was pure by TLC.

Dinoprost 15-Acetate (V1IIa)—A solution of 48.4 mg (0.137 mmole)
of IV and 24 mg (0.236 mmole) of n-butylboronic acid in 2 ml of dry
pyridine was allowed to stand at room temperature for 1 hr. Acetic an-
hydride, 2 ml, was added; after 24 hr at room temperature, 3 ml of water
was added and the solvent was removed at 45° under vacuum. The re-
sidual oil was dissolved in 50 ml of ethyl acetate and extracted with 50
ml of 0.2 M citrate buffer, pH 3.0.

The organic phase was dried over sodium sulfate; upon solvent removal,
the residue was subjected to column chromatography on 50 g of silica gel.
Elution was achieved with ethyl acetate-acetic acid (97:3). The product
fractions were identified by TLC; upon solvent removal, 25.3 mg of a
colorless oil was isolated.

Biological Activity—The ester activity was studied in the gerbil colon
assay, the rat pressor blood pressure assay, and the hamster antifertility
assay (subcutaneous administration) as described previously (1, 4).

Plasma Hydrolysis—Standard aqueous solutions (0.1 ml) of dino-
prost, the 9-acetate (Illa), the 15-acetate (V1lla), the 9-n-butyrate (I11b),
and the 15-n-butyrate (VIllc) containing quantities in terms of IV
ranging from 5 to 20 X 108 ng/m] were incubated separately with 0.05 ml
of each of the following: (a) saline solution, (b) heparinized rat plasma,
(¢) heparinized monkey plasma, and (d) heparinized human plasma.
After 2 hr at 37°, the affinity of each incubated sample for anti-dinoprost
serum was determined using a double antibody radioimmunoassay (5).
Relative cross-reactivity was calculated by comparing the amount of the
compound required to displace 50% of the label with the amount of IV
required. Increased antibody affinity occurred as ester hydrolysis pro-
ceeded to yield IV.

In Vivo Metabolism—Mature Sprague-Dawley female rats were
injected subcutaneously with one of the following: I, Illa, VIlla, 1115,
VIII¢, and the vehicle as the control. The compounds were administered
in amounts equivalent to'1 mg of IV dissolved in 0.5 ml of vehicle con-
sisting of polyethoxylated vegetable o0il®-ethanol-5% aqueous dextrose
(1:1:8).

The animals were kept in metabolism cages, and total urine volumes

8 Emulphor EL-620, GAF Corp., New York, N.Y.
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