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Prion diseases, including scrapie, are incurable neurodegenerative disorders. Some compounds can delay
disease after a peripheral scrapie inoculation, but few are effective against advanced disease. Here, we tested
multiple related porphyrins, but only Fe(III)meso-tetra(4-sulfonatophenyl) porphine injected into mouse brains
after intracerebral scrapie inoculation substantially increased survival times.

The transmissible spongiform encephalopathies (TSEs or
prion diseases) are neurodegenerative diseases that include
Creutzfeldt-Jakob disease (CJD) of humans, bovine spongi-
form encephalopathy, chronic wasting disease of deer and elk,
and scrapie of sheep. The infectious agent of TSEs is not fully
characterized, but there is evidence that an abnormal, pro-
tease-resistant form of prion protein is involved (10). Over 160
cases of variant CJD, caused by the consumption of bovine
spongiform encephalopathy-infected beef, have increased con-
cern about the impact of TSEs on human health. While TSEs
are incurable, various compounds dosed at or near the time of
infection have delayed the onset of scrapie in animals after
inoculation with high peripheral doses of infectant or even
prevented disease after low peripheral doses (reviewed in ref-
erences 1 and 4). Compounds that have delayed the onset of
clinical scrapie after intracerebral (i.c.) inoculation include am-
photericin B (7), pentosan polysulfate (PPS) (3), and, to a
lesser extent, Congo red (6).

Most compounds active against scrapie, including cyclic tetra-

pyrroles, also inhibit protease-resistant prion protein forma-
tion in cell cultures (2), which may explain their in vivo activity.
A metal-free phthalocyanine and two iron porphyrins, types of
cyclic tetrapyrroles, have been shown to delay scrapie onset
after peripheral but not i.c. inoculation (8, 9). In the search for
more effective anti-TSE compounds, we evaluated two types of
previously untested porphyrins with or without central metals
(Fig. 1).

meso-tetra(4-sulfonatophenyl)porphine (TSP), iron(IIT)TSP
(FeTSP), meso-tetra(4-N,N,N-trimethylanilinium)porphine (TAP),
and iron(III)TAP (FeTAP) were tested for the ability to delay
scrapie in transgenic mice (Tg7) that are very susceptible to
hamster scrapie strain 263K (9, 11). (All animal use was ap-
proved by the appropriate institution’s animal care and use
committee.) All four porphyrins injected intraperitoneally
(i.p.) prior to and for 4 or 5 weeks after i.p. scrapie inoculation
significantly increased survival times (Table 1). FeTAP was
most effective, increasing survival times more than fourfold. In
a further test, FeTAP administered i.p. beginning 50 days after

TABLE 1. Porphyrins as prophylactic compounds against 263K scrapie infection

i.p. dose [mg/k . . 1p scraPie . . ) Mean survival
Compound p. dose ga & Dosing regimen inoculation Survival times (days)® .
(mmol/kg)] (day 0)" time + SD
None 50 wl 1% BH 78, 82, 91, 91, 92, 92, 92, 92, 100 90.0 = 6.4
FeTSP 12.5 (0.012) 3 doses/wk for 6 wks starting 2 wks 50 wl 1% BH 124, 143, 145, 147, 163, 171, 196, 203 161.5 = 27.3¢
prior to inoculation
TSP 25 (0.025) Dosing on days —2, —1, and 0, then 50 wl 1% BH 119, 122, 122, 126, 129, 136, 141, 161  132.0 = 13.9¢
3 doses/wk for 5 wks
FeTAP 12.5 (0.012) 3 doses/wk for 6 wks starting 2 wks 50 pl 1% BH 295, 299, 376, 388, 581, 686 437.5 = 160.0¢
prior to inoculation
TAP 6.25 (0.006)° 3 doses/wk for 6 wks starting 2 wks 50 ul 1% BH 100, 127, 142, 156, 182, 183, 205, 233 166.0 * 43.3¢

prior to inoculation

“In phosphate-buffered saline.

® BH, 263K-infected brain homogenate in phosphate-buffered saline.

¢ Tg7 mice dying from nonscrapie causes were removed from the data set.
4 P < 0.0001 versus control group by unpaired ¢ test.

¢ The dose of 12.5 mg/kg was toxic.

* Corresponding author. Mailing address: Rocky Mountain Labora-
tories, 903 S. 4th Street, Hamilton, MT 59840. Phone: (406) 375-9692.
Fax: (406) 363-9286. E-mail: DKocisko@niaid.nih.gov.
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FIG. 1. Structures of the two types of porphyrins tested. Metal-free TAP is shown on the left. The central metal ion of these porphyrins is

coordinated with the nitrogen atoms as is shown for FeTSP on the right.

i.p. scrapie challenge and continuing three times per week until
near death was ineffective (average survival time * standard
deviation of 85.0 = 13.2 days versus 83.1 £ 7.5 days for the
control). This is not surprising as TAP and TSP compounds
may have little blood-brain barrier (BBB) permeability. Since
these four porphyrins demonstrated prophylactic activity after
i.p. scrapie inoculation in a test where infectant and compound
can interact without crossing the BBB, they were further tested
against scrapie via i.c. injections to bypass the BBB.

In one type of antiscrapie assay, the test compound and
infected brain homogenate are mixed prior to i.c. inoculation.
Some compounds in such tests have produced increased sur-
vival times, presumably due to either direct inactivation of the
infectant or the presence of the compound in the brain at the

TABLE 2. Infectivity of scrapie-infected brain homogenate
incubated with TAP or TSP compounds

Mean

Inoculum (50 wl)* Survival times” (days) survival
time = SD

1% BH 50, 50, 50, 51, 51, 52, 52, 56 515 %20

0.1% BH 50, 51, 52, 56, 56, 56, 56 539 *27

0.01% BH 56, 56, 58, 58, 61, 61, 62, 62 593 %25

0.001% BH 61, 61, 62, 62, 67, 68, 70 644 £38
0.0001% BH¢ 69, 74, 87, 89, 97, 98 857+ 11.9

0.5 mM CuTAP + 1% BH 52, 52, 53, 56, 56, 56, 56, 62 554 +32
0.5 mM NiTAP + 1% BH 65, 70, 70, 70, 71, 71, 73, 77 70.9 = 3.4¢
0.5 mM FeTAP + 1% BH 62, 67, 68, 68, 71, 73, 76, 79 70.5 = 5.44
0.5 mM PdTAP + 1% BH 58, 61, 65, 66, 69, 76 65.8 = 6.3¢
0.5 mM TSP + 1% BH 55, 55, 56, 56, 56, 56, 57, 57 56.0 = 0.87

0.5 mM CuTSP + 1% BH 52, 52, 54, 54, 54, 54, 57, 59 545+*24
0.5 mM FeTSP + 1% BH 56, 56, 57, 58, 58, 60, 63, 65 59.1 =3.3¢

“ BH, 263K-infected brain homogenate in phosphate-buffered saline. BH was
incubated for 1 hour at 37°C with different metal-substituted TAP or TSP
compounds prior to i.c. inoculation into Tg7 mice.

® Mice dying from nonscrapie causes were removed from the data set.

¢ Not done at the same time as that of other controls, but data are typical.

4P < 0.0001 versus 1% BH group by unpaired ¢ test.

time of infection (5). As FeTAP was the most effective pro-
phylactic compound, FeTAP and other metal TAPs were
tested in this manner. The toxicity of i.c.-administered TAP
compounds varied greatly, and 50 pl of 0.5 mM TAP, ZnTAP,
CrTAP, InTAP, or CdTAP was not tolerated (data not shown).
The results from FeTAP and other tolerated TSP and TAP
compounds are shown in Table 2. A dilution series of un-
treated infected brain homogenate was also included to allow
estimation of the apparent reduction in scrapie titer. NiTAP
and FeTAP, the most active compounds in this “inactivation”
test, produced survival times that correlated with a reduction
of between 3 and 4 logs of infectivity. When the metal was
changed to Cu(II), the activity was greatly reduced, indicating
the importance of the metal ion.

While this inactivation test can help rank compounds’ abil-
ities to slow the effects of scrapie inocula, it does not measure
activity against late-stage TSE infection. To test therapeutic
potential, a number of the more effective TAP and TSP scrapie
inactivation compounds were dosed once a week for 5 weeks
starting ~2 weeks after i.c. scrapie inoculation (Table 3). Com-
pounds were injected i.c. to overcome suspected low BBB
permeability. PPS, which has antiscrapie activity when it is
continuously infused into an infected brain (3), was injected
directly to the brain as a positive control (Table 3). Other than
a small but statistically significant increase in survival time with
FeTAP, only FeTSP was effective as a therapeutic treatment,
with activity comparable to that of a 10-fold-lower dose of PPS.
The reason that FeTAP was the most active prophylactic com-
pound but had little activity as a treatment after i.c. scrapie
inoculation is not known. FeTSP was then further tested using
six weekly i.c. doses of 50 pl of 0.5, 0.16, or 0.05 mM FeTSP
(25, 8, or 2.5 nanomoles/mouse) (Table 3). The average sur-
vival time increased between the 8- and 25-nanomole doses but
changed little between the 8- and 2.5-nanomole doses. ZnTSP
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TABLE 3. Effect of compounds injected into the brain of Tg7 mice”

Treatment Days of dose Survival times® (days) Mean survival Control mean survival

(50 wl in PBS) (postinoculation) time = SD time = SD
0.5 mM FeTAP 14, 16, 18, 21°¢ 45, 51, 51, 54, 54, 60, 60, 60 54.4 + 544 46.1 = 1.2
0.5 mM FeTAP 14, 21, 28, 35, 42 46, 47, 47, 47, 47, 48, 56, 57 494 = 4.4 483 = 3.0
0.5 mM NiTAP 13, 20, 27, 34, 41 44, 44, 49, 49, 49, 61, 61 50172 48.7 = 6.8
0.25 mM PdTAP 13, 20, 27, 34, 41 43, 49, 51, 56 49.8 =54 48.7 = 6.8
0.1 mM ZnTAP 13, 20, 27, 34, 41 49, 49, 50, 50, 51, 51, 53, 63 520 = 4.6 48.7 = 6.8
0.1 mM TAP 13, 20, 27, 34, 41 43, 44, 49, 49, 49, 51, 54, 54, 54 49.7 = 4.1 48.7 = 6.8
0.5 mM ZnTSP 13, 20, 27, 34, 41 47, 49, 49, 50, 51, 53, 53, 54, 57, 65 528 52 48.7 = 6.8
0.5 mM InTSP 13, 20, 27, 34, 41 44, 49, 51, 53, 54, 54, 56, 57, 65 53.7+58 48.7 = 6.8
0.5 mM FeTSP 13, 20, 27, 34, 41 57, 68, 70, 70, 72, 73, 83, 83, 85 73.4 = 9.0° 48.7 = 6.8
0.5 mM FeTSP 14, 21, 28, 35, 42, 49 54, 68, 68, 74, 76, 76, 80 70.9 = 8.6¢ 50.6 = 3.0
0.16 mM FeTSP 14, 21, 28, 35, 42, 49 54, 56, 56, 61, 64, 66, 66, 67 61.3 = 5.3¢ 50.6 = 3.0
0.05 mM FeTSP 14, 21, 28, 35, 42, 49 52, 54, 57, 60, 62, 62, 64, 67 59.8 +5.14 50.6 = 3.0
~0.05 mM PPS/ 14, 21, 28, 35, 42 67, 68, 70, 72, 73, 73, 77, 78 723 £3.9¢ 483 = 3.0

“ Compounds were dosed after i.c. inoculation with 50 pl of 1% 263K-infected brain homogenate. A control group of eight Tg7 mice dosed i.c. with 50 pl of
phosphate-buffered saline (PBS) at the same interval as that of treated mice was included with each experiment.

® Mice dying from nonscrapie causes were removed from the data set.

¢ Dosing was halted due to observed toxicity.

4 P < 0.001 versus corresponding control group by unpaired ¢ test.

¢ P < 0.0001 versus corresponding control group by unpaired ¢ test.

/This concentration was based on the average molecular weight of ~5,000.

and InTSP, injected at the same dose and frequency as that of
FeTSP, gave no benefit, further demonstrating the importance
of the central metal ion. It is also curious that NiTAP, which
was quite effective in the inactivation test, was ineffective when
dosed i.c. weekly starting 2 weeks after i.c. scrapie inoculation.
Thus, differences in the central metal may affect not only por-
phyrin stereochemistries and reactivities but also, as shown
here, antiscrapie potential. Understanding the reason for the
differences in activity due to metal substitutions may be in-
structive in designing therapies for TSEs.

Based on its antiscrapie activity in mice, PPS is currently
being infused into the brains of CJD patients as an experimen-
tal treatment (first patient described in reference 12). As there
is no known effective CJD therapy, experimental treatment will
likely start as soon as a diagnosis is made and will continue as
long as possible. It is not known whether neurodegeneration
can be stopped or reversed, but an important first goal is to
slow disease progression. The discovery reported here that
FeTSP has activity similar to that of PPS suggests that the use
of cyclic tetrapyrroles as a CJD treatment is worth pursuing.
With that goal in mind, testing of FeTSP by continuous brain
infusion in mice to increase efficacy is ongoing. Until this brain
infusion test is completed, it is impossible to know just how
effective FeTSP treatment might be. Depending on these re-
sults and additional toxicology testing, a more informed deci-
sion on human clinical trials can be made. Finally, the dem-
onstrated benefit of FeTSP against i.c.-inoculated scrapie
suggests that other cyclic tetrapyrroles with even greater activ-
ity may yet be discovered.
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