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Of metoclopramide-N4-glucuronide and -N4-sulfonate, both of which were found as the
major constituents in the bile after metoclopramide administration to rabbits, reabsorp-
tion from the intestine was studied to explore the possibility of the entero-hepatic cir- -
culation. Following the administration of the Nt-conjugates into the rabbit duodenum,
the urinary constituents were quantitatively measured at various times over a period of
12 hours, In the case of the sulfonate, all recovered in the urine was found to be the
sulfonate. The result suggests that this conjugate itself may be absorbed from the
intestine without being hydrolysed. On the other hand, when the glucuronide was
intraduodenally given, at least two features of urinary excretion were observed: One
showed that the glucuronide accounts for more than 909% of the total recovered in 8 hours,
and the other did that the proportion of it to the total decreases with time. From the
examinations for the stability in the aqueous solution and for the urinary excretion after
the intravenous administration, it was concluded that the glucuronide may be absorbed
from the intestine not only in the parent compound, namely, metoclopramide resulting
from the hydrolysis but in the intact form as well as the sulfonate.

In the previous paper,? in the bile of rabbits receiving an intravenous dose of metoclo-
pramide, the unchanged drug and its N4-conjugates, namely, the glucuronide and the sul-
fonate being the major constituents similar to those observed in the urined were separately
determined, and it was found that the two N*-conjugates account for a large part of the total
recovered.

The biliary excretion of drugs in connection with the enterohepatic circulation is Impor-
tant as one of the factors affecting the duration of drug action. From such a view—point a
number of foreign compounds, especially long acting cardiac glycosides, have been studied.?
When a compound is excreted into the intestine via the bile, it is said to be largely in the form
of conjugates such as glucuronides, glycine conjugates, ethereal sulfates, and so on;® most
of them are polar acidic compounds which may not be readily absorbed from the gut. It is,
therefore, interesting to know what is the fate of these conjugates in the intestine. Most
of the workers?” who studied of this problem have suggested that these conjugates could be
hydrolysed by enzymes present in the gut secretions or in gut bacteria and resulting original
compounds could be absorbed into the blood.

Hitherto, however, little or nothing has been done to investigate the fate of N-conjugates
of aromatic amines in the intestine. Such being the case, using the N4-conjugates of meto-
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clopramide as an interesting eX'a'mplé,"the absorption behavior in rabbits is studied by the
method of intraduodenal administration.

“Experimental
Animals Male albino rabbits weighing 2.5 to 3.0 kg were used.
Materials Metoclopramide and its N4-glucuronide and N*-sulfonate used were prepared as described

previously.? : . -

Preparation of Sample Solution: Metoclopramide was dissolved in 20 ml of 0.9% NaCl by adjusting
to pH 4.5 with 1~ HCl. Both the N*-glucuronide and the N4-sulfonate were dissolved in 20 ml of 0.9% NaCL

Method of Intraduodenal Administration: Rabbits were fasted for about 30 hr prior to the experi-
ments but were allowed free access to water. The animals were anesthetized by the intravenous injection
of pentobarbital sodium (25 mg/kg body wt.). The upper part of the small intestine was exposed by a midline
abdominal incision and the sample solution was injected through a syringe near an opening of biliary duct
in the duodenum lumen. The intestine was replaced in the abdomen, the incision was closed. Urine col-
lections were made at various times during the experiment through Nelaton’s catheter inserted to the bladder,
and the samples (pH 6—8) were analysed immediately.

Method of Intravenous Administration Ten milliliters of 0.9% NaCl containing the glucuronide was
given intravenously to rabbits. Urine and bile collections were made by the method similar to those des-
cribed previously.D : : : ‘ : ‘

Analytical Method——Each of metoclopramide and its Nt-conjugates in the biological samples collected
was separately determined by the previous method.h ) :

Examination for Hydrolysis of Metoclopramide-N¢-glucuronide Each buffer for the hydrolysis reac-
tion was made by HCl-sodium acetate (pH 1—>5) and M/15 KH,PO,—M /15 Na,HPO, (pH 5—8), and the ionic
strength was adjusted with- NaCl (see Fig. 5 and Table I). After adding 5 ml of freshly prepared water
solution of the glucuronide (10 mg/ml) to 45 ml of the buffer under the condition of 37.0+0.1°, at various
times 1 ml of the reaction mixture was pipetted:into a test tube containing 9 ml of 0.1n NaOH to stop the
reaction. Isolation and determination of resulting metoclopramide were carried out by the procedure des-
cribed previously.D

Result and ‘- Diséussion

Following a 100 mg intraduodenal dose of metoclopramide, the urinary excretion of the
unchanged drug and its N*-glucuronide and N*-sulfonate with time is shown in Fig. 1. In
this case, the decreasing order of amount of the recovered excrements exhibited a tendency
similar to that obtained with the intravenous administration? as follows: N4-glucuronide >N*-
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Fig. 1. Urinary Excretion of Metoclopramide and Fig. 2. Urinary Excretion of Meto-
Its N-Conjugates after Intraduodenal Administr- clopramide and Its N¢-Conjugates
ation of Metoclopr\am‘ide to Rabbit (Dose: 100 mg; ‘ after Intraduodenal Administration
Total Amount recovered in 12 hr: 54.6% of the of Metoclopramide to Rabbit (Dose:
Dose) ‘ _ 6 mg; Total Amount recovered in
[N metoclopramide, EEE: metoclopramide-N*-sulfonate, 8 hr: 30.0% of the Dose)

V77, : metoclopramide-N4-glucuronide
Numbers in rectangles indicate the percentages of each
excrement to total amount recovered in each time interval.

See explanation for. bar graph of Fig. 1.
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Fig. 3. Urinary Excretion of Metoclop- Fig. 4. Urinary Excretion of Me-
ramide and Its N*-Conjugates after toclopramide and Its N4-Conjug-
Intraduodenal Administration of Me- ates after Intraduodenal Admin-
toclopramide-N*-sulfonate to Rabbit istration of Metoclopramide-N4-
(Dose: 130 mg equiv. of Metoclopra- glucuronide to Rabbit (Dose: 95
mide; Total Amount recovered in 12 hr: mg equiv. (4 and C) and 190 mg
12.4% (4) and 15.4% (B) of the Dose; equiv. (B) of Metoclopramide;
In this Case, no Presence of Metoclop- Total Amount recovered in 12hr:
ramide and Its N%Glucuronide was 16.49, (4),12.7% (B), and 14.9%,
observed) (C) of the Dose)

See explanation for bar graph of Fig. 1. See explanation for bar graph of Fig. 1.

sulfonate >unchanged metoclopramide; difference of which, however, was never large in com-
parison with the case of the administration of the glucuronide, except for Fig. 4C, or of the sul-
fonate as will be mentioned elsewhere in this paper. A maximum of hourly excretion was
observed within one hour after the administration, and 54.6%, of the dose was recovered in
12 hours. '

In order to examine for the influence of doses on a quantitative pattern of the three
excrements, a six mg dose being considerably small was given to the rabbit. As shown in
Fig. 2, the result gives a similar tendency to that in Fig. 1.

The intraduodenal administration of metoclopramide-N4-sulfonate gave the urinary
excretion pattern as shown in Fig. 3; in which it is interesting to note that a maximum of
hourly excretion was observed at somewhat later time than that in the case of metoclopramide
administration. In addition, that the total amout recovered in 12 hours was wholly of the
sulfonate suggests that this componud may be absorbed from the intestine in the intact
form without being hydrolysed. No hydrolysis of the sulfonate was observed for at least 48
hours at 37° in various pH solutions (pH 4—13).

On the other hand, when metoclopramide-N*-glucuronide was intraduodenally given to
rabbits, the features of urinary excretion were not simple as seen- in-Fig.-4-A—C. Fig. 4A
shows that in the urine of each collection period by 8 hours the amount of the glucuronide
is more than 909, of the. total recovered. Fig. 4B, moreover, shows that the greater part
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of the total urinary recovery, especially at the earliest period (0—2 hour), was found as the
glucuronide, though the other two excrements also were present to some extent. It is thus
expected that the glucuronide also may be absorbed from the intestine in the intact form.
This finding, together with that for the above sulfonate, may perhaps be used for a better
understanding of absorption behavior of such polar compounds being highly water-soluble
and not necessarily small in molecular size.
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Fig.5. Hydrolysis of Metoclopramide- E %ﬁ 5
N¢-glucuronide in Various pH Solu- = Z; .
tions at 37° and Ionic Strength 0.2 1 ) 3 6
Time (hr)
[MG],: initial concentration of the glucuronide
[MG],: concentration of the glucuronideat time# Fig. 6. Urinary Excretion of Metoclopra-
mide and Its N4-Conjugates after Intr-
- ig‘est‘;‘%ie“m 1NHCI, NaCl, avenous Administration of Metoclopr-
P mi - m g amide-N4-glucuronide to Rabbit (Dose:
25 mg equiv of Metoclopramide; Total
2.0 500 525 0 Amount Recovered in 6 hr: 75.89%, (4)
added water ’ o ) .
3.0 50.0 48.5 0.234 and 78.2 /0 (B) Of the Dose, In this
o 400 0730 to make up Case, no- Presence of Metoclopramide
40 8. ’ ’ to 500 ml and Its N4-Sulfonate was Observed)

5.0 50.0 15.0 2190 See explanation for bar graph of Fig. 1.

In the case of Fig. 4C, a peak appeared in 2—4 hour period like the above two cases
of the glucuronide administration; however, the proportion of the glucuronide to the total
recovered decreases with time. It may be inferred from these that in the lower part of the
intestinal tract the glucuronide is probably hydrolysed by some causes to metoclopramide
which is more absorbable.

~ As is evidently seen in Fig. 5, the hydrolysis reaction of metoclopramide-N*-glucuronide
(MG) in aqueous solution, MG--H,0—metoclopramide-glucuronic acid, is first order and the
rate depends on the pH. The reaction rate constants and the half-lives are given in Table

Tase I. Rate Constants 2 and Half- lives #,;, for the Hydrolysis
of Metoclopramide-N4-glucuronide in Various pH

Solutions at 37° and Ionic Strength 0.2 .
pH _ k, hr? t3/s, Dr
2.0 6.42 0.108
3.0 2.10 0.335
4.0 0.384 1.80
5.0 0.0449 13.9
6.0 0.00720 96.2
6.8% 0.00185 375

a) wm/15 KH,PO,+M/156 Na,HPO,+NaCl=90 ml+10 ml+0.729 g (pH 6.0), 40
ml+60 ml+0.338 g (pH 6.8)

See Fig. 5 concerning the composition of each solution of pH 2-—5.
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Tasre II. Influence of Ionic Strength u on the Hydrolysis of
Metoclopramide-N*-glucuronide in Solutions of pH
2 and 3 at 37°

Rate constant, hr—!

I pH 2 pH 3
0.2 6.42 2.10
0.50 7.98 2.46
1.69) 9.66 3.32

a) Prepared by adding further NaCl to the corresponding
buffer given in Fig. 5.

I. At the acid pH the glucuronide is markedly unstable; but the higher the pH, the greater
the stability becomes, and in the aqueous solution of pH 8—13 no hydrolysis was yet ob-
served at one week after the start of the experiment. While, the influence of ionic strength
on the hydrolysis was examined at pH 2 and 8. From Table II it is understood that the
rate increases with the ionic strength.

The pH of the intestinal fluid is said to range usually from 6 to 8.8 From the rate con-
stant shown in Table I, it can be estimated that, under the experimental condition of pH 6,
only about 7%, of the initial glucuronide concentration is hydrolysed for the first 10 hours.
In the intestinal tract, accordingly, the glucuronide is thought to be considerably stable.
However, it must be taken into account that some exogenous or endogenous factor brings
about a change in pH and/or ionic strength of intestinal fluid to be more favorable for the
hydrolysis of the glucuronide and that this N-glucuronide might be hydrolysed by enzymes
present in the intestinal tract as has been pointed out concerning some ethereal and ester
glucuronides.® It is perhaps important as a factor to note that the rabbit given an abnormal
pattern of urinary excretion (Fig. 4C) had kept mashy remains throughout the small-intes-
tinal tract because of the insufficiency of fasting.

Thus, the three cases of the glucuronide dose are thought to have exhibited its own
feature. Considering that no such observation was made in the case of the sulfonate being
much more stable over the pH range examined, this complex phenomenon, especially in Fig.
4C, are suspected to be due mainly to a change in the chemical conditions of environment.

In addition, the glucuronide might be hydrolysed in body fluid other than the intestine after
it was absorbed and entered the blood stream. In order to approach a solution of the problem,
the urinary excretion of the rabbit receiving the glucuronide intravenously was examined.
In this case, as is seen in Fig. 6, about 809, of the dose was recovered in 6 hours after the
administration, and all of which was found as the glucuronide. In the bile specimens also
collected simultaneously, only the glucuronide was recovered. Accordingly, it seems pro-
bable that under the conditions of the experiments the hydrolysis of this N-glucuronide to
the parent compound occurs in the intestine, but not in the other body fluid.

Thus, it may be concluded that metoclopramide-N4-glucuronide excreted in the bile is
reabsorbed from the intestine not only in the parent compound resulting from the hydrolysis
but in the intact form as well as metoclopramide-N4-sulfonate.
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