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Abstract

Sodium 3,4-diaminonaphthalene-1-sulfonate (CRA) is a compound, synthesised by our group from

Congo Red (CR), that is active in preventing the pathological conversion of normal prion protein

(PrP). As the precise mechanisms controlling the ways in which prions are distributed and infect the

brain and other organs are not fully understood, studying the pharmacokinetics of drugs that are

active against prions may clarify their targets and their means of inhibiting prion infection. This

paper describes the pharmacokinetics of CRA in plasma, spleen and brain after single or repeated

intraperitoneal or subcutaneous administration, as determined by means of specific and sensitive

fluorimetric HPLC. A single intraperitoneal administration led to peak plasma CRA concentrations

after 15 min, followed by biphasic decay with an apparent half-life of 4.3 h. After subcutaneous

administration, Tm ax was reached after 30 min, and was followed by a similar process of decay: Cmax

and the AUC0–last were 25% those recorded after intraperitoneal administration. The mean peak

concentrations and AUCs of CRA after a single intraperitoneal or subcutaneous administration in

peripheral tissue (spleen) were similar to those observed in blood, whereas brain concentrations

were about 2% those in plasma. After repeated intraperitoneal or subcutaneous doses, the Cmax

values in plasma, brain and spleen were similar to those observed at the same times after a single

dose. After repeated intraperitoneal doses, CRA was also found in the ventricular cerebrospinal fluid

at concentrations of 1.8 ± 0.2 ·g mL¡1, which is similar to, or slightly higher than, those found in

brain. Brain concentrations may be sufficient to explain the activity of CRA on PrP reproduction in the

CNS. However, peripheral involvement cannot be excluded because the effects of CRA are more

pronounced after intraperitoneal than after intracerebral infection.

Introduction

Prion diseases or transmissible spongiform encephalopathies (TSEs) are a group of
neurodegenerative and invariably fatal diseases affecting the central nervous sys-
tem (CNS) of man and animals, which are characterised by a long incubation time
and a slow evolution. TSEs are mainly represented by Creutzfeldt-Jakob disease,
Gerstmann-StraÈ ussler-Scheinker syndrome and fatal familial insomnia in man, and
by scrapie and bovine spongiform encephalopathy (BSE) in animals (Will et al 1996;
Hill et al 1997). The epizootic BSE that recently spread in the UK, and the first cases of
a new human spongiform encephalopathy called new juvenile variant CJD (vCJD),
alarmed the entire scientific community because of the risk of bovine prion trans-
mission to man, a hypothesis that was supported by the discovery that vCJD is caused
by the same prion as that found in BSE (Will et al 1996; Hill et al 1997; Aguzzi et al
2001). Individuals affected by TSE develop no inflammatory or immune response, and
undergo typical histopathological changes in the CNS ± vacuolisation, neuronal death,
amyloid deposition, hypertrophy and the proliferation of astroglial cells (Caughey &
Chesebro 1997).

According to Prusiner’s prion hypothesis (Prusiner 1998), the TSE agents consist of
infectious abnormal prion protein (PrPres), which is formed from a host-encoded
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precursor protein (PrPsen) by means of a post-transla-
tional process involving changes in its secondary structure
(Collinge 2001). PrPres is the main cause of the amyloid
deposition and neurodegenerative lesions observed in the
CNS of TSE-infected subjects, and is therefore the pri-
mary therapeutic target (Piccardo et al 1990; Ye et al
1998).

Although various drugs have been tested, there is still
no treatment for TSE. Congo red, a sulfonated azo dye
that is commonly used in histopathology to stain various
amyloid deposits, including those encountered in TSE
(Glenner 1980), can inhibit the replication of TSE agents
and the accumulation of PrPres in animals and scrapie-
infected mouse neuroblastoma cells (Kimberlin & Walker
1986; Caughey & Race 1992; Caughey et al 1994; Ingrosso
et al 1995; Caspi et al 1998; Demaimay et al 1998, 2000;
Farquhar et al 1999; Beringue et al 2000; Milhavet et al
2000; Rudyk et al 2000), and this induced us to design
molecules that are structurally related to Congo Red.

We have tested a number of synthesised Congo Red
derivatives (Villa et al 2003) in cell-free systems consisting of
partially purified PrPres to evaluate their ability to over-
stabilise PrPres (as is done by Congo Red), as well as in the
in-vivo scrapie-infected hamster model (Poli et al 2003, 2004).

Sodium 3,4-diaminonaphtalene-1-sulfonate (CRA) is
the product of Congo Red hydrogenolysis, and it can be
hypothesised that this reaction may also occur in-vivo as a
result of hepatic azo reductase (Bos et al 1986). It is also
the least toxic and most interesting compound that we have
tested so far (Poli et al 2004). As its ability to cross
the blood±brain barrier cannot be predicted by its physi-
cochemical properties, and it is more active after intra-
peritoneal than after intracerebral infection (Poli et al
2004), its pharmacokinetics and distribution may help to
clarify its mechanism of action.

This paper describes the pharmacokinetics of CRA in
plasma and various tissues after single or repeated intra-
peritoneal or subcutaneous administration, as determined
by means of a specific and sensitive HPLC method with
fluorimetric detection. The possibility of the formation of
CRA after Congo Red administration was also tested.

Materials and Methods

Chemicals and reagents

Congo Red was obtained from Sigma (Sigma-Aldrich, St
Louis, MO), and CRA and sodium 4-aminonaphthalene-
1-sulfonate (internal standard, IS), were synthesised by the
Pharmaceutical and Toxicological Chemistry Institute of
the Faculty of Pharmacy. The methanol was HPLC
grade, and the tetra-n-butylammoniumiodide (TEBA),
sodium disulphite (Na2S2O5), sodium sulfate (Na2SO4),
zinc sulfate (ZnSO4 £ 7H2O), barium hydroxide
(Ba(OH)2 £ 8H2O) and cysteine hydrochloride were of
analytical grade (Merck, Darmstadt, Germany). Isolute
liquid±solid extraction columns, packed with 50 or
200 mg of ENV‡ hydrophobic phase and with a 1- or
3-mL reservoir (International Sorbent Technology Ltd,

Mid-Glamorgan, UK) were respectively used to process
the plasma and brain tissue samples. Stock drug solutions
(1 mg mL¡1) in 1% sodium disulphite (antioxidant) in
water were prepared weekly and stored protected from
light at 4 ¯C. Standard working solutions were prepared
daily immediately before use in 1% sodium disulphite in
water.

CRA and CR administration

The plasma and tissues were obtained from 100±110-g
female Syrian hamsters (6 for each time point) treated
intraperitoneally or subcutaneously with a single dose of
CRA 100 mg kg¡1 (acute administration) or eight doses on
different days (chronic administration).

Before, and 15, 30, 45, 60, 90, 120, 180 and 240 min
after, the single administrations, the hamsters were anaes-
thetised with diethyl ether. Blood was drawn by means of
a heart puncture and centrifuged, after which the plasma
was stored at ¡25 ¯C until analysis. After sacrifice, the
hamsters’ brains and spleens were removed, washed with
physiological solution and 1% sodium disulphite, wiped
with clean paper, weighed and frozen at ¡25 ¯C.

After the chronic intraperitoneal or subcutaneous
administration of CRA, the blood and tissues were taken
as described above 15, 30, 60 and 90 min after the last
injection. Fifteen minutes after chronic intraperitoneal
administration, ventricular cerebrospinal fluid (CSF) was
also taken just before removing the brain.

Chronic Congo Red treatment (8 doses of 100 mg kg¡1

i.p. on different days) was also given to evaluate the
possible formation of CRA, with blood samples being
drawn as above 60, 90, 120 and 240 min after the last
injection.

All of the hamsters’ care and treatment procedures
respected the guidelines established by Italian Government
Decree no. 94/2000-A, and every effort was made to mini-
mise the number of animals used and their suffering.

Samples (0.1±1 mL) of the plasma or tissue supernatant
were analysed within two weeks according to a modified
version of a previously described HPLC method (Pirola
et al 2002) that uses fluorimetric, instead of UV, detection
as described below.

CRA was extracted from the plasma or tissues in solid
phase as previously described (Pirola et al 2002). The CSF
samples (25±50 ·L) were injected directly into the chro-
matograph.

CRA analysis

The HPLC analysis was made using a modified version of a
previously described method (Pirola et al 2002) and an
Agilent Technologies 1100 instrument (Wilmington, DE)
equipped with an autosampler, quaternary pump and
fluorimetric detector. The wavelengths were set at 350 nm
for excitation and 480 nm for emission. The chromatograms
were analysed and quantitated using Agilent Technologies
ChemStation for LC 3D software. The CRA was separated
on a 5 ·m Symmetry C18 column (250 £ 4.6 mm i.d.)
(Waters, Milford, MA), with a 2-cm pre-column filled
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with the same material and kept at 30 ¯C. The compounds
were eluted at 1 mL min¡1 using 50 mM Na2SO4 in 5 mM

TEBA in water±methanol±acetonitrile (70:20:10 v/v) as
mobile phase. Under these conditions, peak CRA and IS
had retention times of 5.5 and 6.7 min, respectively, without
any interfering peaks.

The mean intra-day and inter-day assay accuracies of
the method were more than 95% in plasma and tissues,
with a mean precision of less than 4%. The results obtained
using the quality control samples kept at ¡25 ¯C for two
weeks guarantee sample stability under our conditions.
The lowest CRA detection limit in plasma and tissues
(a signal three times that of the blank) was 1 ng mL¡1;
the lowest quantitation limit (CV<8%) was 2 ng mL¡1.
The mean absolute recovery of CRA was more than 76%
in plasma and 74% in tissue.

Pharmacokinetic analysis

After the subcutaneous and intraperitoneal administra-
tions, non-compartmental pharmacokinetic parameters,
including the elimination half-life (t1¤2 ) and the area under
the concentration±time curve from the time of dosing to
the last post-dose time point (AUC0±last), were estimated
by means of Kinetica software (Innaphase, USA) using
the experimental peak concentration values (Cmax) and the
time to reach them (Tmax).

Results

The HPLC method with fluorimetric detection for the
determination of CRA is a modification of a previous
UV method (Pirola et al 2002), and substantially improved
both the sensitivity (more than 100 times) and specificity
of the assay. It was linear over a wide range of concentra-
tions (2±5000 ng mL¡1 or ng g¡1), and therefore suitable
for determining the concentrations of CRA in plasma and
peripheral tissues, as well as in the brain and CSF samples,
even at time-points long after the administration of a
single dose. Furthermore, as this method is also more
selective, the interfering peaks (which had to be separated
when UV detection was used) are no longer detectable,
thus allowing shorter analyses.

Plasma CRA concentrations

Single administration
The mean plasma CRA concentrations after single intra-
peritoneal or subcutaneous administration are shown in
Figure 1. After intraperitoneal administration (Table 1,
Figure 1A), absorption was very rapid (15 min), and the
biphasic decay had apparent half-lives of 1.5 and 4.3 h
(­ phase). After subcutaneous administration (Table 1,
Figure 1B), Tmax was reached after 30 min and was fol-
lowed by a similar process of biphasic delay. Cmax and
AUC0±last were 25% of those recorded after intraperito-
neal administration (Table 1).

Repeated doses
After repeated intraperitoneal or subcutaneous doses the
Cmax in plasma (Table 2) was similar to that observed at
the same times after single doses (Table 1).

CRA concentration after Congo Red administration
After repeated high doses of Congo Red, only very small
amounts of CRA (mean: 0.07 § 0.01 ·g mL¡1) were found
at all times, without any trend to increase or decrease over
time.

Tissue CRA concentrations

Single administration
The mean peak CRA concentrations in brain and spleen
after a single intraperitoneal or subcutaneous administra-
tion are shown in Table 1, and the time-course in brain is
shown in Figures 1A and 1B. The peak concentrations
and AUCs in peripheral tissue (spleen) were similar to
those observed in blood, whereas those in brain were
about 2% of those in plasma (Table 1).
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Figure 1 CRA concentrations in plasma (.) or in brain (¯) in

hamsters after intraperitoneal (A) or subcutaneous (B) administration

of 100mg kg¡1. Data are presented as means§ s.d., n ˆ 6.
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Repeated administration
After repeated intraperitoneal or subcutaneous doses, the
Cmax in brain and spleen (Table 2) was similar to that
recorded at the same times after a single dose (Table 1).
Fifteen minutes after repeated intraperitoneal doses, CRA
was also found in ventricular CSF at a concentration of
1.8 § 0.2 ·g mL¡1, which was slightly higher than that
found in brain at the same time.

Discussion

This paper describes the pharmacokinetics of CRA, the
hydrogenolytic product of Congo Red that has been
found to possess anti-PrP activity in-vitro, and which
delays the appearance of clinical symptoms and increases
the survival of hamsters experimentally infected with scra-
pie (Poli et al 2003, 2004).

CRA was very rapidly absorbed after intraperitoneal
injection; its plasma concentrations decayed biphasically,
with the second phase showing very low concentrations
and a t1¤2 of 4.3 h. The drug did not accumulate in periph-
eral tissue or brain as its Cmax after repeated doses was
similar to that observed after a single dose. However, it
does cross the blood±brain barrier because, although
lower than those in plasma, the concentrations found in
brain tissue were not due to contamination from capillary
blood, as is confirmed by the relatively high concentra-
tions found in CSF, which can be regarded as a physiolo-
gical brain perfusate.

In comparison with the intraperitoneal route, the sub-
cutaneous route of administration, which is typically used
for the chronic treatment of prion-infected hamsters (Poli
et al 2004), led to lower but still significant plasma and
tissue concentrations, which peaked after 30 min and then
decayed in a similar way to that observed after intraper-
itoneal injection. As can be expected from the t1¤2 values,
repeated intraperitoneal or subcutaneous administration
did not cause any accumulation in plasma or tissue and
the concentrations were similar to those observed after a
single dose.

Although it is difficult to extrapolate in-vivo concen-
trations from in-vitro data because the models are differ-
ent, the in-vitro concentrations of CRA inhibiting PrP
expression were of the same order of magnitude as the
concentrations of CRA found in brain (Poli et al 2003)
and may be sufficient to explain the activity of CRA on
PrP reproduction in the CNS. However, it is not possible
to exclude a peripheral effect because the effects of CRA
are more pronounced after intraperitoneal than after
intracerebral infection (35% vs 10% increase in survival
time, Poli et al 2004). In other words, the drug is effective
when PrPres must move from peripheral sites toward the
CNS, thus mimicking the conditions of the natural route
of BSE infection in which the cells of the immune system
are probably involved in the initial replication and pro-
gression of PrPres (McBride et al 1992; Lazmesas et al 1996),
and can interact in peripheral organs with the PrPres slowly
progressing towards the CNS (Klein et al 1997; Glatzel &
Aguzzi 2000; Race et al 2000). This hypothesis is consistent
with the high concentrations of CRA found in the spleen,

Table 1 Pharmacokinetic parameters of CRA in plasma and tissues after a single intraperitoneal or subcutaneous administration.

Tmax(min) Cmax(mg mL¡1

or mg g¡1)

Half-life

(t1¤2 b, h)

AUC0±last, (mg¢min mL¡1

or mg¢min g¡1)

Tissue/plasma

(AUC %)

Intra-

peritoneal

Subcuta-

neous

Intra-

peritoneal

Subcuta-

neous

Intra-

peritoneal

Subcuta-

neous

Intra-

peritoneal

Subcuta-

neous

Intra-

peritoneal

Subcuta-

neous

Plasma 15 30 57.9 §6.6 14.1§ 4.2 4.3 § 0.8 5.2 § 1.2 2936.2§ 654.7 752.7§ 165.5 Ð Ð

Brain 15 30 1.1 §0.7 0.28§ 0.05 3.3 § 0.7 3.8 § 1.1 49.7§ 10.3 12.2§ 2.9 1.9 § 0.2 1.7§ 0.5

Spleen 15 30 60.2 §8.4 14.4§ 3.3 3.9 § 1.0 4.9 § 1.3 2415.3§ 455.6 705.9§ 145.0 92.4§ 2.8 94.4§ 1.9

Data are means§ s.d., n ˆ 6.

Table 2 Concentrations of CRA in plasma and tissues after repeated intraperitoneal or subcutaneous administration.

Tmax(min) Cmax(mg mL¡1 or mg g¡1) Tissue/plasma (Cmax %)

Intraperitoneal Subcutaneous Intraperitoneal Subcutaneous Intraperitoneal Subcutaneous

Plasma 15 30 68.9§ 15.6 16.4§ 2.5 Ð Ð

Brain 15 30 1.6 § 1.2 0.4 § 0.3 2.4 § 1.3 1.9§ 1.4

Spleen 15 30 65.2§ 6.1 15.9§ 5.6 96.8§ 5.3 97.2§ 6.5

Data are means§ s.d., n ˆ 6.
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and the same mechanism has been described in the case of
other anti-prion agents (Ehlers & Diringer 1984).

CRA concentrations after treatment with a very high
dose of Congo Red (three times that normally used to
treat infected animals) were low and showed no clear
time course. These findings refute the hypothesis that
Congo Red can be transformed into CRA in-vivo (Bos
et al 1986), and that the latter is the active agent. Congo
Red, therefore, seems to act by itself, although the forma-
tion of other metabolites cannot be excluded.

Conclusions

This study describes the pharmacokinetics of CRA in
plasma, spleen and brain after single or repeated intraper-
itoneal or subcutaneous administration. After subcuta-
neous administration, the concentrations of CRA in
plasma and tissues were 25% of those recorded after
intraperitoneal administration. The mean peak CRA con-
centrations and AUCs after a single intraperitoneal or
subcutaneous administration in peripheral tissue (spleen)
were similar to those observed in blood, whereas the con-
centrations in brain were about 2% those in plasma. The
ability of CRA to cross the blood±brain barrier is proved
by the fact that its CSF concentrations are similar to those
found in brain tissue. After repeated intraperitoneal or
subcutaneous doses, the Cmax in plasma, brain and spleen
was similar to that observed at the same times after a
single dose. Brain concentrations may be sufficient to
explain the activity of CRA on PrP reproduction in the
CNS, although peripheral involvement cannot be excluded
because the effects of CRA are more pronounced after
intraperitoneal than after intracerebral infection.
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