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Table 2. Nicotinamide concentrations in rats pretreated
with nicotinamide

Nicotinamide
(mg/1 or mg/kg)

Serum total 1295 = 57 (9)

CSF 1276 = 83 (6)
Brain 1240 = 132 (9)
Serum free 1274 = 59 (9)

Serum free (unbound) fraction 0.984 + 0.041 (9)

Values are means + SD, with the number of animals
given in parentheses.

finding agents that may be beneficial against theophylline
seizures.

Nicotinamide was chosen as a potential beneficial agent
since it offers protection against audiogenic seizures with
its effect being enhanced by adenosine [4] and since theo-
phylline’s neurotoxicity is presumably related to its effect
at adenosine receptors [13], although it is also a GABA
and benzodiazepine antagonist [14]. In view of this, the
lack of protective effect noted in the current study was
surprising. However, this is unlikely to be due to the dose
of nicotinamide used since the chosen dose was high and
similar to the claimed optimum dose of 400 mg/kg [4].
Similarly, the pretreatment time is probably not inap-
propriate since the rats received nicotinamide 15 min prior
to the start of theophylline infusion giving a pretreatment
period of 45 min in most rats which is also the time when
nicotinamide showed its maximum protective effect in the
audiogenic seizure study [4]. Our negative results may more
appropriately reflect the fact that the primary neuro-
chemical action of nicotinamide is on a receptor distinct
from the adenosine system, since nicotinamide’s anti-
convulsant effect has been demonstrated previously in assay
systems sensitive to benzodiazepines [7] and GABAergic
drugs [6].

* Author to whom all correspondence should be sent.
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In summary, the present study demonstrates that nico-
tinamide (1000 mg/kg) administered intravenously 45 min
before onset of seizures in rats failed to provide protection
against theophylline seizures.
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Excretion and metabolism of injected ecdysone in the white mouse

(Received 27 April 1987, accepted 29 October 1987)

Ecdysteroids represent a class of steroids which have
retained the C-27 skeleton of cholesterol (or in some cases
the C-28 or C-29 skeleton of some phytosterols). They are
widespread in invertebrates and plants [1-3]. By contrast,
they have not yet been found in vertebrates, where steroid
biosynthesis and metabolism use different pathways which
include an early side-chain cleavage between C-20 and C-
22.

In invertebrates, at least in arthropods (there is some, as
yet limited, evidence that this could perhaps also apply to
annelids and nematodes), ecdysteroids are hormones which
control development and reproduction [4-9)]. In mammals,
although the ecdysteroid structures strongly differ from
those of Vertebrate-type steroids, there is evidence that
these molecules have several pharmacological effects which
include (1) a stimulation of protein synthesis in liver [10],
(2) interference with glycaemia controlling factors [11, 12],
(3) modifications of enzyme activities, €.g. protein kinase

in rat liver [13], glutamic decarboxylase [14] or acetyl-
cholinesterase [15] in rat brain, and (4) alterations in lipid
metabolism [16]. These results raise an important question:
do ecdysteroids interact with mammalian receptors nor-
mally used by other hormones with or without being pre-
viously converted into some metabolite(s)?

Moreover, it has been recently claimed that in mammals
(including humans) infested with helminths it is possible to
detect infestation by the unusual presence of ecdysteroids
in blood or urine of infested individuals [17-20]. These
compounds would be secreted by parasites in amounts high
enough to account for noticeable immunoreactivity in host
fluids. This problem is, however, rendered more complex
due to the possible presence of ecdysteroids in the food of
animals, as these molecules are present in so many plant
species [2, 3]. In any case, it may be of interest to learn
something about ecdysteroid metabolism in mammals: it is
indeed highly probable that mammals are able to transform
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these compounds, and if so, it might be more advisable to
search for specific metabolites in blood (or urine) instead
of the molecules actually present in helminths.

Materials and methods

Animals. Male white mice (Mus musculus) supplied by
Iffa-Credo (Saint-Germain sur I’Arbresle, France) and
weighing ca. 30 g were used. These were injected intra-
peritoneally with [*H}-ecdysone (2 uCi per animal) dis-
solved in isotonic (0.9%) NaCl solution. When a large
amount (0.2 mg per animal) of unlabeled hormone was
used, it was first dissolved in 50 ul of propan-2-ol, to which
450 ul of saline were added just before injection. Animals
were placed in metabolic cages and their urine and feces
were collected together in a beaker containing absolute
ethanol (in order to avoid further metabolism by micro-
organisms) over the 3 days following injections.

A second set of experiments was undertaken in order to
determine the short-term kinetics of ecdysone excretion
and metabolism, in an attempt to precise the respective
roles of kidneys, liver and gut. Animals were injected
either intraperitoneally or subcutaneously, and sacrificed at
various times after injection. They were dissected as blood,
liver, gut, kidneys, bladder and “carcass”, and each tissue
was extracted for a determination of radioactivity
distribution.

Chemicals. Ecdysone  (28,36,14a,22(R),25-penta-
hydroxy-58-cholest-7-ene-6-one) was purchased from
Simes (Milan, Italy). [23,24-*H] Ecdysone, specific activity
ca. 100 Ci/mmol, was prepared from labeled 2-deoxy-
ecodysone (a generous gift from Dr Hetru, Strasbourg) by
in vitro incubation with Locusta migratoria Malpighian
tubules [21]. Reference 14-deoxyecdysone was from an
earlier synthesis [22].

Sample processing. The organs of each animal were
extracted twice with 50 ml methanol. The (urine + faeces)
samples were extracted first with ethanol (100 ml) then
methanol (100 ml), and the extracts were combined. An
aliquot was used for radioactivity determination. Other
aliquots were evaporated to dryness and directly analyzed
by HPLC (see below) without prior purification.

Chromatographic analyses. Both normal phase (NP) or
reversed phase (RP) high-performance liquid chroma-
tography (HPLC) were used. RP analyses used a Spheri-
sorb-ODS2 column (250 mm long, 4.6 mm i.d.) eluted with
a linear gradient (18-40% in 30 min) of acetonitrile in water
containing 0.1% trifluoroacetic acid (TFA) [solvent system
1]. NP analyses used a Zorbax-SIL column (250 mm long;
4.6 mm i.d.) (DuPont) eluted with dichloromethane/pro-
pan-2-ol/water (125:20:1.5) [solvent system 2], or with
isooctane/propane-2-ol/water (100:30:2) [solvent system
3]. Radioactivity was monitored in-line by using a radio-
activity monitor (FLO-ONE model IC, Radiomatic Instru-
ments and Chemicals, Tampa, Florida) (solvent systems 1
and 3). Alternatively, 0.4 min fractions were collected,
evaporated and scintillation counted with a Kontron
MR300 liquid scintillator (solvent system 2).

Results and discussion

Excretion of injected ecdysone. Injected ecdysone was
rapidly eliminated by the animal (Fig. 1). When a larger
amount (0.2 mg) of ecdysone was injected, excretion pro-
ceeded also at a high rate, and within 3 days no significant
radioactivity remained in the injected mice. In fact most of
the radioactivity was excreted within the first 24 hours
following injection.

Nearly all the injected radioactivity was still present
within the animals 2 hr after injection and it was essentially
located in the gut and to a lower extent in the liver. By
contrast, almost no radioactivity was found in the blood,
urine (bladder) and kidney samples, both with intra-
peritoneally and subcutaneously injected animals.

Short-term kinetic experiments were performed by sam-
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pling animals during the first hour following a subcutaneous
dorsal injection. Small amounts of radioactivity were
detected in the blood during the first 30 min only, together
with a very small amount in bladder urine (less than 1% of
the injected radioactivity). The analyses of liver and gut
contents (Fig. 2) were consistent with the hypothesis that
ecdysone was efficiently removed from the blood by liver,
then moved (mostly unchanged as evidenced by HPLC
analysis—see Fig. 3A) through biliary excretion into the
intestine where it accumulated. Within 45 min post injec-
tion more than 90% of the injected radioactivity was found
in this compartment, and no radioactivity was further
detectable in the bladder.

General pattern of metabolites (analytical experiments).
RP HPLC analysis of intestine or faeces extracts showed
quite simple patterns (Fig. 3): ecdysone was converted to
alarge extent into a single less polar metabolite (metabolite
1). No polar metabolites (conjugates) were observed.
Metabolite 1 could also be separated from ecdysone using

(3H) ecdysone (3H + cold) ecdysone

100
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2-21h

21-45h 45-65h

Fig. 1. Kinetics of labelled ecdysone excretion by mice after
injection of labelled ecdysone alone or injection of tritiated
ecdysone + 0.2 mg cold hormone. Faeces and urine (the
latter containing in fact negligible amounts) were collected
during the given intervals following injection and processed
together. The amounts excreted in a given interval are
expressed as a percentage of total recovered tritium.

LIVER INTESTINE
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Fig. 2. Kinetics of radioactivity distribution within liver

and intestine during the first hour following subcutaneous

injection of labelled ecdysone (without cold hormone).

Amounts are expressed as a percentage of recovered
trittum.
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Fig. 3. RP HPLC analysis of intestine or faeces extracts (solvent system 1 at 1 ml/min). A: intestine
extract one hour after injection. B: intestine extract 4 hours after injection. C: faeces (+ urine) collected
during the 2-21 hr period following injection (E = ecdysone; 1 = metabolite 1).

NP HPLC (Table 1). This compound was identified as 14-
deoxyecdysone on the basis of comigration in the three
HPLC systems used. Further evidence for its identity has
been obtained through preparative experiments [23].
Conclusions. Mice rapidly excrete injected ecdysone. A

Table 1. Chromatographic properties of ecdysone and its
major metabolite

(Retention time in minutes)

System 1 System 2 System 3
Ecdysone 19.2 33.8 31.2
Metabolite 1 26.0 11.6 243

Flow-rate 1 ml.min"'—see Materials and Methods for
solvent systems.

noticeable part (ca. 45%) of the injected compound is
eliminated unchanged. As a consequence, it appears poss-
ible to find ecdysone in mammals infested with helminths
(which already contain this compound besides 20-hydroxy-
ecdysone and 20,26-dihydroxyecdysone {6, 24]). However,
we must emphasize that in mice (1) ecdysone was very
rapidly removed from the blood, and (2) most of it was
excreted within faeces rather than urine. These data are
fully consistent with those earlier reported for 20-hydroxy-
ecdysone [25,26]. The picture might, however, strongly
differ between mice and other species, including man,
due to a different molecular weight threshold for biliary
excretion.

Ecdysone metabolism in mice proceeds essentially
through 14-dehydroxylation, which was most probably
caused by bacteria from the gut lumen. Similarly, a very
efficient 7-dehydroxylation of bile acids takes place in the
human gut [27].
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In summary, ecdysone metabolism was investigated in
the white mouse Mus musculus in order to determine how
vertebrates can modify such molecules, either provided by
their food or produced endogenously by parasitic
helminths. It appears that mouse concentrate rapidly
injected ecdysteroids in their gut, then excrete them mainly
within faeces, which contain both the genuine molecule
together with a major metabolite, 14-deoxyecdysone.
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Effects of haematoporphyrin derivatives on rat liver endoplasmic reticulum

(Received 8 July 1987; accepted 11 November 1987)

Haematoporphyrin derivative (HPD) photodynamic ther-
apy is emerging as a promising treatment for a variety of
neoplasms [1]. This is because HPD is selectively retained
in tumour tissue, so that subsequent irradiation with high
intensity light (wavelength approx 630 nm) will selectively
damage the photosensitised tumour tissue.

Recent studies [2] on the cellular and subcellular loca-
lization of porphyrins in rat liver, following i.p. adminis-

3P 37:6-M

tration of HPD, have shown that the porphyrins are initially
found in a cytosolic compartment, probably of the hepa-
tocytes. At later time points (24-48 hr), the porphyrins
became concentrated in the lysosomes of the Kupffer cells.
In addition, HPD has also been shown to inhibit enzyme
activities of both the endoplasmic reticulum [3] and the
mitochondria [4]. In this study the effect of HPD treatment
on the subcellular distribution and morphometry of certain



