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nature) was found on day 4 post-infection followed by decline on
days 7 and 11 post-infection. However, on day 15, an increase in
accumulation of cells again was observed as compared to con-
trols. It is well known that lysosomes are intracellular mem-
brane-bound collections of hydrolytic enzymes and are mainly
activated in the macrophages during endotoxemia and have
potential for some direct or indirect role in phagocytosis®.

In view of these findings in our studies, we have tried to evaluate
the activity profile of various hydrolytic enzymes in various
hosts having their different susceptibilities towards P.berghei
infection. In albino rats, sterile immunity develops after a few
days while M. natalensis and albino mice succumb to infection.
The result of the present study indicates that the activity profile
of various acid hydrolases in albino rats follows a similar pattern
as described for accumulation of cells in vaccinated-infected
mice?® which recover from infection, i.e., activities of all the
enzymes increased on day 4 and 7 post-infection followed by
decline on days 11 and 15 post-infection. On day 15, when the
parasitemia was negligible and the animals became fully recov-
ered from the infection, the activities of all the enzymes came
below the control values. Similarly, the activity profile of various
hydrolases except acid phosphatase and B-glucuronidase in
M. natalensis follows the pattern observed in unvaccinated-in-
fected mice which succumb to the disease, i.e., an increase in
activities was observed on day 4 post-infection followed by a
decline on days 7 and 11 post-infection. Activities again in-
creased considerably on day 15 post-infection. However, activi-
ties of acid phosphatase and B-glucuronidase increased regu-
larly throughout the infection. The above results indicate that
during the course of P.berghei infection, the pattern of lyso-
somal enzymes in liver of albino rats differ widely from that of
albino mice and M. natalensis. The most striking feature is that
the activities of all the enzymes declined below the normal values
on day 15 post-infection in albino rats when animals became
immune while in M. natalensis and albino mice, which succumb
to infection, activities showed several-fold increase over control
group of animals. These results suggest a close correlation be-
tween host’s resistance to infection and level of these enzymes.
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Tricyclic antidepressants antagonize prostaglandin (PG) E,-induced contractions of the guinea pig ileum and

hypomotility in the mouse

"Fola M. Tayo!

Department of Pharmacology and Therapeutics, University of Ibadan, Ibadan (Nigeria), 16 March 1984

Summary. The interactions of PGE, and 2 tricyclic antidepressants were tested both on the guinea pig ileum and motility in the
mouse. PGE,-induced contractions of the guinea pig ileum were irreversibly blocked by amitriptyline and desipramine. Chronic
administration of amitriptyline and desipramine blocked PGE,-induced hypomotility in the mouse.
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Prostaglandins have a depressant action on behavior which
varies in intensity depending on the route of administration
and the compound used’. PGEs are the most active®; little or
no effect is seen with PGF,%. In the present work, the inter-
actions of PGE, and the tricyclic antidepressants, amitriptyline
and desipramine have been studied.

Materials and methods. Male guinea pigs (420-500 g) were
stunned and exsanguinated. The terminal ileum was removed
and set up in a 20-ml tissue bath. Some animals received reser-
pine (4 mg/kg, i.p. 16 h before sacrifice to test whether the
actions of PGE, are direct. The bath contained Tyrode solu-
tion of the following composition (mM/1): NaCl 137, KCl 2.4,
Ca(l, 1.8, MgCl, 1.0, NaH,PO, 0.2, NaHCO, 11.9 and glucose
5.5 at 37°C and gassed with 95% oxygen plus 5% CO,. After

equilibration, contractions were recorded on a smoked paper
via a frontal writing lever and magnified x 5. Agonists were
allowed 1 min contact time before washing and antagonists
were added 30 min before agonists. Control tissues received
the agonists but not antagonists. Whenever possible, antago-
nists were characterized by pA,°’. A slope of the A-S plot not
significantly different from unity was taken as a satisfactory
criterion for competitive antagonism®. Male mice (28 g-35 g)
were injected with PGE, (100 pg/kg) i.p.; control animals re-
ceived the vehicle (equivalent volume and dilution of ethanol)
in which PGE, was contained. Others received amitriptyline
(5 mg/kg/day) or desipramine (10 mg/kg/day) i.p. for 10 days
before PGE,. The effect of drugs on motility was monitored
using an activity counter. Results are expressed as means
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+ SE. The difference in the mean was regarded as significant
when on analysis by Student’s t-test p < 0.05.

Results and  discussion. PGE,-induced contractions were
blocked by amitriptyline (0.32-1.28 pM) and desipramine
(0.33-1.32 uM) non-competitively (fig. 1a and b). Amitriptyline
was more potent than desipramine (compare fig.la with
fig. 1b). In constrast, histamine and acetylcholine-induced con-
tractions were blocked competitively by amitriptyline and desi-
pramine. The pA, values of amitriptyline and desipramine
against histamine were 8.35 and 6.50 with slopes of 0.94 and
1.06, respectively (fig.2a and b). Atropine (0.1 pM) (fig. Ic)
and mepyramine (0.1 uM) (fig. 2d) did not reduce the effect of
PGE,. On the other hand, atropine reduced the effect of acetyl-
choline (fig. 1d) and mepyramine reduced the effect of hista-
mine (fig. 2¢). Methysergide (0.5-5 pM) also reduced the con-
tractile responses to PGE, and 5-HT. In the reserpinized prep-
arations, PGE, produced smaller responses. These responses
were equally reduced by the tricyclics. PGE, caused a pro-
found decrease in motor activity and the animals were fully
sedated 5 min after injection. Hypomotility was reduced by
chronic administration of amitriptyline or desipramine. In each
case, the action of amitriptyline was quantitatively greater than
that of desipramine (fig. 3).
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Figure 1. a Concentration-effect curves of PGE, in the absence (-O-)
and in the presence of amitriptyline 0.32 M (--O--); 0.64 pM (-@-)
and 1.28 pM (--@--). Each point is the mean + SE of 6 observations.
b Concentration-response curves of PGE, in the absence (-O-) and in
the presence of desipramine 0.33 uM (--O--); 0.66 uM (-@-) and 1.32
UM (--@--). Each point represents the mean = SE of 6 observations.
¢ Effect of PGE, alone (-O-) and in the presence of atropine 0.1 uM
(—®-). Results are expressed as means. SE’s are not graphed because
the atropine-treated was not different from control. Number of obser-
vations = 5. d Concentration-effect curves of acetylcholine (-O-) alone
and in the presence of atropine 10 nM (--O--) and 50 nM (-@®-). Each
point represents the mean + SE of 5 observations.
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Figure 2. a Antagonism of histamine-induced contractions of the guinea
pig ileum by amitriptyline. Control (untreated) (—O-); amitriptyline
0.32 pM (--O--); 0.64 pM (-@®-) and 1.28 uM (--@--). The values
plotted are the means & SE of 6 observations. b Interactions of desi-
pramine and histamine in the guinea-pig ileum. Histamine (control)
(~O-); histamine treatment after desipramine 0.66 uM (--O--). Each
point is the mean =+ SE of 6 observations. ¢ Concentration-response
curves of histamine in the guinea pig ileum in the absence (—-O-) and in
the presence of mepyramine 10 nM (-O--) and 50 nM (-@-). Each
point is the mean = SE of 5 observations. 4 Inability of mepyramine
0.1 pM to influence PGE,-induced contractions of the guinea pig ileum.
(-O-) =PGE, and (—®-) = mepyramine 0.1 pM 30 min before PGE,.
The means are plotted without the SE because values are too close.
Number of observations = 5.
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Figure 3. Effect of PGE, on motor activity in mice. E,=PGE,
(100 ng/kg); V = vehicle in which PGE, was contained but without E,,
i.e. an equivalent volume and dilution of ethanol; A = amitriptyline (5
mg/kg/day given i.p. for 10 days; and D = desipramine 10 mg/kg/day
given i.p. for 10 days before PGE,. * indicates that value is significantly

different from control PGE,-treated (p 0.05). Control response to PGE,
was taken as 100% and other results are expressed relative to this.
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These results show that the tricyclic antidepressants reduced
the effects of PGE, in the guinea pig ileum and in the mouse
central nervous system. It was not possible to quantify the an-
tagonism in the mouse because recovery was hardly achieved.
This study indicates that interactions of PGE, and the tricy-
clics in the ileum is similar to the interactions of the tricyclics
and 5-hydroxytryptamine (5-HT) in the same preparation®. In
addition, methysergide also reduced the effects of PGE,. Re-
duction of the contractile action of PGE, in reserpinized ileum
may indicate that some of its actions are mediated via the
release of a spasmogen. Since both antidepressants are also
potent non-competitive antagonists of 5-HTS, it can be spec-
ulated that some of the actions of PGE, may be exerted via
5-HT. The monoamine theory of depression’ highlights the sig-
nificance of 5-HT in depression. Tricyclics, more specifically,
amitriptyline and clomipramine® are more potent inhibitors of
5-HT than they are of noradrenaline uptake. In conclusion, it
would appear that PGE, produces contractions of the guinea-
pig ileum and hypomotility in the mouse via a sertonin-like
mechanism.
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Summary. Indoxyl derivatives were detected as minor products among the urinary metabolites of two trial drugs, a benzodia-
zepine (GP 55129) and a benzophenone (CGP 11952). Their structures were elucidated by NMR and mass spectroscopy. Presum-
ably, metabolites containing potential aldehyde functions react spontancously with endogenous indoxyl. Such derivatives have

not hitherto been encountered in drug metabolism.

Key words. Drug metabolism; indoxyl derivatives; aldehyde intermediates; benzodiazepines; benzophenones.

Indoxyl (I) is a product of tryptophan degradation in the
mammalian organism®. In urine it is excreted in considerable
amounts as O-sulphate (IT) and O-glucuronide (II)*? (fig. 1).
Healthy adult persons, for instance, excrete about 60-200 mg
of II per day®. In the rat the amount is about 3 mg per day’.
Recently we investigated the biotransformation of two trial
drugs in rat and dog. GP 55129 (IV)® is a benzodiazepine, and
CGP11952 (VY is a benzophenone (fig.2). Both display cen-
tral nervous activities. The two trial drugs were administered
in C-labeled form. Among the numerous radioactive com-
pounds found in urine, some contained an indoxy! moiety as
part of their structure.

Indoxyl derivatives of drug metabolites have not been de-
scribed so far. In the present paper we therefore wish to report
on the isolation and structure elucidation of these derivatives.
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Figure 1. The structures of indoxyl (I), and of indoxyl conjugates ex-
creted in urine (I1, HI) (Gluc = glucuronic acid residue).

Materials and methods. '“C-Labeled GP55129% and
CGP 11952° had specific radioactivities of 18 and 23 kBq/mg,
respectively. The synthetic, non-labeled indoxyl derivatives
CGP27729 (VI}** and H.A.2800.2.1 (VID! were available as
reference substances. Solvents and chemicals were of reagent
grade and were obtained from Fluka (Buchs, Switzerland) or
E. Merck (Darmstadt, FRG).

Rats (N =12) received oral doses of 50 mg/kg of [*C]
GP 55129 on two consecutive days. Dogs (N = 5) received oral
doses of 5 mg/kg of ["*C] CGP 11952 singly, or on two conse-

Spectroscopic data of VI and VHI

VI NMR (CD;OD): 7.93, 7.92 and 7,68 (H-3, H-5 and H-6 of the
4-chlorophenyl ring); 7.62, 7.56, 7.11 and 6.98
(H-4, H-6, H-7 and H-5 of the indolinone
moiety); 7.32, 7.29,7.18 and 7.16 (H-6, H-4, H-
3 and H-5 of the o-chlorophenyl ring); 6.14 (s,
vinyl proton).
503(100) M(2 Ci); 468 (3) M-Cl; 423 (2) 468-
NH;/CO; 364(20) M-C¢H,CICO; 347(10) 364-
NH;; 319(6) 347-CO; 139(34) C4H,CICO;
111(15) 139-CO.
VIII NMR (CD,0D): 7.83, 7.71 and 7.63 (H-5, H-3, and H-6 of the
4-chlorophenyl ring); 7.58 and 6.70 (AA" BB’
system, p-hydroxyphenyl ring); 7.55, 7.49, 7.08
and 6.92 (H-4, H-6, H-7 and H-5 of the indo-
linone moiety); 5.82 (s, vinyl proton); 4.66 and
4.53 (AB system, J = 14 Hz, CH,).

MS m/fe (%)*:

MS m/e (%)*:  472(100) M(CysHCIN,O,). 351(13) M-
C4H,0HCO.

IR (KBr): 1705, 1655, 1631 and 1608 cm™.

UV (CH,OH): Ay, = 279, 300, 479.

* Peaks due to > Cl are neglected.



