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Abstract—The distribution of amitryptiline and its basic metabolites in rabbit brain
has been studied after acute and chronic administration of the drug.

The metabolizing activity of liver and brain homogenates from untreated and
chronically pretreated rabbits has been also evaluated.

The results showed that after chronic pretreatment the disappearance of amitryp-
tiline from brain areas is delayed and that the levels of drug metabolites are lower,
while a marked increase in the metabolizing activity of liver and brain homogenates is
noticed.

The results seem to suggest that chronic amitryptiline treatment induces membrane
permeability changes, thus influencing the mechanism of transport and distribution of
the same drug into and out of the cells.

THE METABOLIC pathways of amitryptiline, drug used in the therapeutic trials of
depressed patients,'~3 have been reported in various animal species.#~® Hucker and
Porter* first studied in vivo and in vitro the metabolism of this drug in the rat.

Eschenhof and Rieder® studied the fate of amitryptiline in humans and its dis-
tribution in the rat.

Cassano et al.”'® found that amitryptiline, given intravenously, was highly con-
centrated in the central nervous system of mice and studied the distribution of this
drug in several areas of cat brain using an autoradiographic technique.

The aim of the present study was to evaluate the possible influence of a chronic
pretreatment with amitryptiline on the distribution of the same amitryptiline and
its basic metabolites in rabbit brain.

For this reason we compared: (a) the distribution of amitryptiline and its basic
metabolites after administration of a single acute dose of the drug in untreated
animals with the distribution after administration of the same single dose in animals
chronically pretreated. (b) the metabolizing activity of brain and liver homogenates
from untreated and chronically pretreated rabbits.

MATERIALS
Animals
Male rabbits (65) of Fulvo di Borgogna strain (2:5-3 kg body weight) were used as
experimental animals.
The animals were divided into two groups: (a) 45 rabbits for in vivo experiments;
(b) 20 rabbits for in vitro experiments.
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In vivo experiments

(1) “Acute” treatment. In the acute treatment 18 rabbits were treated with a single
dose of 15 mg/kg of amitryptiline, administered intramuscularly.

The animals were killed by exsanguination 1-5, 4 and 6 hr after drug administration.

(2) ““ Chronic™ treatment. In the chronic treatment 27 animals were treated for
40 days with a daily parenteral dose of 2-5 mg/kg of amitryptiline: tap water and
food were given ad /ib. during this period.

Twenty-four hours after the last drug administration the animals were divided
into two groups.

The first group (18 rabbits) was treated intramuscularly with 15 mg/kg of the drug,
and the animals were sacrificed after 1-5, 4 and 6 hr.

The second group (nine rabbits) was sacrificed at the same time intervals to evalu-
ate the residual amounts of amitryptiline and its metabolites in the organs and the
biological fluids (chronic blanks).

In vitro experiments

For the experiments in vitro two groups of 10 rabbits, one consisting of untreated
animals, and the other of animals chronically treated for 40 days with a daily paren-
teral dose of 2-5 mg/kg of amitryptiline, were used.

METHODS
(a) Experiments in vivo

Brain, blood and kidney were immediately taken after sacrifice. The brain was
dissected into cerebellum, brainstem and diencephalon, cerebral hemispheres. The
urines were collected in the following way: (1) “Acute” animals, immediately after
drug administration, were housed for 1:5, 4 or 6 hr in metabolic cages and their
urines collected. After these time intervals the animals were sacrificed and the urine
in their bladders was added to that eventually collected from the metabolic cages.
(2) “Chronic” animals, 24 hr after the last chronic drug administration, were cathet-
erized and their urines discarded ; then, after the single drug administration (15 mg/kg),
their urines were collected as described above. The cerebral tissues and the kidney
were homogenized in 5 vol. of 0-01 HCI; the homogenates and the biological fluids
were subjected to enzymatic hydrolysis, and then used for the chromatographic
determination of amitryptiline and all its basic metabolites identified in rabbit in our
previous works:?~'! (10 hydroxy amitryptiline, 10-11 hydroxy amitryptiline, nor-
tryptiline, 10 hydroxy nortryptiline, 10-11 hydroxy nortryptiline).

The basic metabolites of amitryptiline were evaluated in two groups: (1) the 10 and
10-11 hydroxy derivates of amitryptiline; (2) nortryptiline with its 10 and 10-11,
hydroxy derivates.

Chromatographic experiments did not reveal between acutely and chronically
treated rabbits qualitative differences in the nature of amitryptiline metabolites.

(b) Experiments in vitro

The experiments in vitro were performed on liver, brain in toto, white matter, gray
matter, diencephalon, brainstem and the cerebellum from 10 untreated and 10
chronically treated animals.
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The gray matter of the cerebral hemispheres was separated from the white matter
using the slicing technique of Mcllwain and Rodnight.!?

Five animals from each group were used for determinations on liver and brain
in toto, while the rest were used for the determinations on the separate brain areas.

The following procedure was adopted: samples were taken and homogenized at
800 rev/min (15 excursions/2 min) using a glass-teflon homogenizer with a clearance
of 0-15 mm.

The medium was 5 vol. of cold 1-5%KCl for liver and 0-25 M sucrose for brain.

The homogenates were then centrifuged for 20 min at 1400 g at 0° in a refrigerated
Sorvall centrifuge, and a volume of supernatant corresponding to 1 g of tissue was
diluted with an equal volume of cold 0-1 M phosphate buffer, pH 7-4.

NADP+ (2 mg) and G-6-P (20 mg) were then added to each sample and the mixture
was warmed to 37°.

An aqueous solution of amitryptiline (100 pg) was added to each sample, and the
samples were then incubated at 37° for 90 min in a Dubnoff thermostatic waterbath
under air atmosphere.

The reaction was stopped by the addition of 0-1 ml glacial acetic acid.

The pH of the samples was adjusted to 49 and they were subjected to enzymatic
hydrolysis followed by colorimetric determination of amitryptiline and metabolites.

RESULTS AND DISCUSSION

The first experiments at the level of central nervous system demonstrated the
influence of a prolonged administration of amitryptiline on the distribution of the
drug and metabolites in rabbit brain (Table 1).

In fact the cerebral areas in the chronic animals initially showed a lower concentra-
tion of amitryptiline than in the acute, but the rate of disappearance of the drug
from the brain areas was significantly slower at the subsequent time intervals. The
metabolites in the cerebral tissue of the chronic animals attained generally lower
levels in all the observation time. Subsequently similar findings were confirmed in
blood (Table 2) and in liver and lung of untreated and chronically treated rabbits.
(Experiments still in progress.)

At the light of these findings, since we were unable to give a reasonable interpreta-
tion to these phenomena we thought useful to extend the investigation to the renal
excretion of the drug and to the metabolizing activity of liver and brain homogenates.

In these experiments the levels of amitryptiline and metabolites in the kidney of
the chronic animals were markedly lower than in the untreated nearly in all the
observation time. By contrast the urinary levels of amitryptiline and metabolites
were greatly higher in the chronic pretreated animals especially at the fourth and
sixth hours (Table 2).

This reverse situation between kidney and urine means presently that the chronic
administration of amitryptiline has in some way altered the renal mechanism of drug
reabsorbtion. Now if we remember that some evidence has been reported in literature
that chlorpromazine and tricyclic related drugs alter the permeability of biological
membranes,?3717 we can suggest that the chronic administration of amitryptiline
could have hindered the reabsorption mechanism of the drug at the level of the renal
epithelial cells membranes. With this in mind the delayed disappearance of amitryp-
tiline from the brain areas of the chronically pretreated animals and the concomitant
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diminution of metabolites might be similarly interpreted by an amitryptiline influence
on the transport of the drug through the cells membranes of the nervous tissue.

Thus the low concentration of metabolites in the brain areas of the chronic animals
might therefore be considered the result of an amitryptiline membrane effect slowing
or preventing drug uptake by enzymes rather than an amitryptiline inhibitory effect
on the enzymatic metabolizing activity.

This view is supported by the results of our in vitro experiments which showed for
liver homogenates from chronically treated animals an increase in the metabolized
amounts of amitryptiline of about 15 per cent and for cerebral areas an increase
ranging from 1-0 to 18 per cent in comparison to the metabolized amounts by un-
treated animals (Table 3).

In conclusion the present results although still incomplete, seem to suggest that
membrane permeability changes induced by the chronic treatment could have deter-
mined the different distribution pattern of amitryptiline and metabolites in the brain
areas and emphasize the importance of the effects of a chronic treatment on drug
metabolism and distribution.
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