patients with hyperprolactinemia. Up to

moved for the determination of prolactin. Pro-
tein levels were determined on the supernatant

896 (1981); D. D. Nansel, G. A. Gudelsky, M. J.
Reymond, J. C. Porter, ibid., p. 903.

one-quarter of such patients harbor a tb)y thi xrget}iodFof 0. cIi{ Lowry, J.l J. Rose- 15. R."M. MacLeod, Froné. Neuroendocrinol. 4,
T4t . 0o rough, A. L. Farr, and R. J. Randall [J, Biol. 169 (1976); J. D. Neill, ibid. 6, 129 (1980); G. A.
pituitary ddenon?a, (19)‘, Surgery, rad.lo Chem. 193, 265 (1951)1. Gudelsky, Psychoneuroendocrinology 6, 3
therapy, or administration of dopamine 9. Serum and anterior pituitary samples were as- (1981).
feceptor agonists have been the usual el upliate o prlacin wih materidy 16, The aity of spperone and domperidon: 1o
forms of treatment for hyperprolactine- glstitute o(f I\%r{{l}u\/r{i]t)i]sj)Mj\tﬁbolislm, and Dligestive 1}ilent1fylildg the doge of t{xe gleceﬁ)t%r anLagbomst
. .. . iseases prolactin values are that could most effectively block the inhibitory
mia. Bromocriptine is the drug most expressed in terms of the NJAMDD reference effects of two dopamine receptor agonists, apo-
Wldely used; it restores normal gonadal preparation Rat-PRL-RP-1 (Table 1) and Rat- morphjne .and brochripline, on prolactiq re-
. e . PRL-RP-2 (Table 2 and in vitro data). All sam- lease in vitro at their (the agonists’) maximal
function and fertility in nearly 80 percent ples from a single experiment were assayed in effective concentrations, and then increasing the
of the hyperprolactinemic patients on  {he same sssay to svod nteacsay varigions, - doseofhe anagonits By o and fovr orders of
which it is used. There is evidence that plasma was 1.0 to 250 ng/ml for Rat PRL-RP-1  17. The rats were given cysteamine (300 mg/kg,
o F and 0.25 to SO ng/ml for Rat-PRL-RP-2. The subcutaneously) and anesthetized with pento-
bromocgptl(r;t;)can also reduce pituitary significance of differences was tested with the barbital (50 mg/kg, intraperitoneally) 1, 2, or 24
tumor size . Mann-Whitney U Wilcoxon nonparametric test. hours later. Then they were perfused for 15 to 20
. o e Significance was set at P < .05. minutes with warmed 2.0 percent paraformalde-
_ Desp1.t6 t‘he‘ success of bro‘mocrlpt.me, 10. T. M. Badger, S. M. Sagar, W. J. Millard, J. B. hyde and 2.5 percent glutaraldehyde in 0.1M
its use 1s llmlted; some patlents fall to Martin, P. Rosenblum, Life Sci. 30, 245 (1982). sodium cacodylate buffer (pH 7.4). The pituitar-
respond to it or develop undesirable side 11. W. Vale and G. Grant, Methods Enzymol. 37, 82 ies were later removed, bisected, postfixed in
(1975). 1.0 percent osmium tetroxide, and embedded in
e o« H 7 12. Cysteamine was tested at 5, 10, 20, 60, and 120 Epon.
eﬁ‘ectb’ such as gastrgmtestmal up_set minutes in culture, The eﬁects of cysteamine on 18. H. B. F. Dixon, in The Hormones, G. Pincus,
and postural hypotension. Cysteamine cell viability and prolactin were determined by K. V. Thimann, E. B. Astwood, Eds. (Academ-
Fo ol : incubating anterior pituitary cells with cyste- ic Press, New York, 1964), vol. 5, p. 1; U. J.
or sqmlar drugs may prove bem?ﬁCIal n amine for 1 hour, after which the cells were Lewis, Pharmacol. Ther. 1, 423 (1975).
treating such patients by reducing pro- washed twice and incubated for an additional 24  19. M. O. Thorner and G. M. Besser, Acta Endo-
lacti i hours in Dulbecco’s minimum essential medium crinol. (Copenhagen) 88 (Suppl. 216), 131
actn secretion. plus serum. At this time and following a 1-hour (1978); R. F. Spark and G. Dickstein, Ann. Int.
W. J. MILLARD additional incubation period, medium and cells Med. 90, 949 (1979); M. O. Thorner et. al., J
S. M. SAGAR were harvested and frozen until the determina- Clin. Endocrinol. Metab. 51, 438 (1980).
. . tion of prolactin levels. 20. We thank J. Audet, C. Milbury, and L. Wein-
D. M. D. LANDIS 13. M. G. Farquhar, in Lysosomes in Biology and stein for excellent technical assistance. Spiper-
e Pathology, 1. T. Dingle and H. B. Fell, Eds. one and domperidone were gifts from Janssen
J. B. MARTIN (North-Holland, Arnstqrdam, 1969), vol. 2, p. Pharmaceutica, Beerse, Belgium. Supported by
Department of Neurology 462; Adv. Exp. Med. Biol. 80, 37 (1977). PHS grant AM 26252.
’ 14, D. D. Nansel, G. A. Gudelsky, M. J. Reymond, ’
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. Cysteamine (Sigma) doses are expressed as mil-
ligrams of the HCI salt, which was dissolved in
distilled water and neutrahzed with 1.0N NaOH.
The dose (300 mg/kg) was selected for the time
course study because we have found (6) that this
dose, administered subcutaneously, produces
the greatest depletion of immunoreactive soma-
tostatin in the brain without evidence of side
effects, such as the development of duodenal
ulcers or the induction of seizures. The animals
were decapitated and the trunk blood and anteri-
or pituitaries were harvested. Plasma was sepa-
rated from the blood cells by centrifugation and
stored at —30°C until being assayed for prolac-
tin. The anterior pituitaries were sonicated for
30 seconds in 1.0 ml of phosphate-buffered sa-
line and a portion of the supernatant was re-
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Cure of Mice Infected with Trypanosoma rhodesiense by

cis-Diamminedichloroplatinum (II) and Disulfiram Rescue

Abstract. Mice infected with Trypanosoma rhodesiense were treated concurrently
with cis-diamminedichloroplatinum (II) (DDP), disulfiram, and hydration. Most of
the mice (92.5 percent) were cured; inoculation of blood or suspensions of brain or
heart from these animals did not produce disease in recipient mice. The dose of DDP
needed to eliminate the trypanosomes, 3 milligrams per kilogram of body weight per
day for 7 days, was lethally toxic unless the animals received disulfiram orally and
subcutaneous injections of physiologic saline, which reduced the acute renal
necrosis caused by DDP alone. Some mild to moderate reversible renal damage was
noted upon pathologic examination of the treated mice.

Several antineoplastic compounds

show antitrypanosomal activity in vivo

(1J

2). One of these agents is cis-diam-

minedichloroplatinum (II) (DDP). Ex-
periments with mice indicated that, al-
though infected animals were not com-
pletely cured by DDP, the drug did pro-
long their life (/). This suggested that the
DDP had trypanocidal activity but that
the doses administered were inadequate
to eradicate all of the infecting parasites.

Methods have recently been devised

to ameliorate or ablate the adverse ef-
fects of DDP, primarily renal tubule tox-
icity, previously observed at therapeutic
doses (3). These methods include hydra-
tion and administration of compounds
thought to preferentially block DDP’s
toxic effects without blunting its antineo-
plastic action (¢). Diethyldithiocarba-
mate, a metabolite of disulfiram (Anta-
buse), is perhaps the best characterized

0036-8075/82/0730-0454%01.00/0 Copyright © 1982 AAAS

of these substances. Its protective action
is thought to derive from the chelation of
DDP prior to the generation of irrevers-
ible nephrotoxicity. These protective
agents allow greater doses of DDP to be

administered without concomitant

in-

creases in nephrotoxicity, thus enhanc-
ing DDP’s therapeutic index. They also
make it possible to examine the curative
potential of DDP in trypanosome-infect-
ed animals treated with substantially in-
creased doses.

In studies of the effects of DDP on

mice (ICR/Ha Swiss) infected with Try-
panosoma rhodesiense, we first mea-
sured the activity of the drug against the
infecting organism in vitro. Parasites
were collected from male Walter Reed
rats by cardiac puncture and isolated by
using a dimethylaminoethyl cellulose an-
ion exchange column. Elution was ef-
fected with 0.1M phosphate-buffered sa-
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line, and the organisms were washed and
resuspended in RPMI-1680 medium con-
taining 33 percent heat-inactivated horse
serum (2.0 X 10® trypanosomes per mil-
liliter).

The ability of DDP to inhibit the up-
take of [methyl-*H]thymidine (49.5 mCi/
mmole) or L-[U-**Clleucine (355 mCi/
mmole) was quantified by the method of
Desjardins (5). Trypanosomes (5 X 10°)
were incubated in medium containing
either 2.5 uCi of [*Hlthymidine or 0.5
nCi of ["Clleucine per milliliter with or
without DDP (12 pg/ml) or the antitry-
panosomal agent ethidium bromide (0.65
to 0.98 pg/ml). DDP had no effect on the
uptake of the radioactive precursors
over a 3-hour incubation period. Ethidi-
um bromide inhibited both [*H]thymi-
dine and [C]leucine incorporation into
trypanosomes. Despite its lack of effect
on radioactive precursor uptake, DDP
rendered the exposed trypanosomes
noninfective to recipient mice. This indi-
cated that DDP had some delayed effect
on the parasite’s DNA or protein synthe-
sis or had some other effect on the para-
site or host. It did confirm the antitry-
panosomal potential of DDP.

Table 1 shows the effects of DDP on
mice harboring fatal trypanosomal infec-
tions and on parasite-free animals. When
the amount of DDP administered was
less than 3 mg per kilogram of body
weight per day the animal’s blood was
not cleared of infecting organisms (data
not shown). Five to six consecutive daily
treatments with 3 mg/kg-day did not reli-
ably cure the mice of trypanosomiasis as
indicated by the occurrence of late re-
lapses of the disease. Seven daily doses
of DDP did cure the mice of trypanoso-
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Table 1. Effect of DDP on mice infected with T. rhodesiense (1 x 10°) and on uninfected control
mice. Thirty minutes after the mice were infected with trypanosomes (1 x 10%), therapy with
DDP was begun. Each mouse received an intraperitoneal injection of 3 mg of DDP per kilogram
of body weight per day. Disulfiram (250 mg/kg in a saline and glycerol mixture, 1:4 by volume)
was given orally exactly 4 hours after each DDP dose. Hydration was achieved by giving the
mice a subcutaneous injection of physiologic saline (3 ml) four times per day. Survival is
expressed as the percentage of mice surviving 30 days after the initial dose of DDP. All groups

included ten mice except where indicated.

Uninfected mice

Infected mice

Dura-
tion of No With Hydration No With Hydration
therapy hydra- hydra- plus hydra- hydra- plus
(days) tion tion disulfiram tion tion disulfiram
(%) %) (%) (%) (%) (%)
S 100 10
6 10 100 100 0 o*t 62.5*%1%
7 0 90 100% 0* 60* 92.5%

*Blood of all mice was cleared of trypanosomes.
four experiments with ten mice per experiment.

miasis. However, some of the uninfected
animals that received six or more daily
doses of DDP without hydration and
disulfiram died. Only the combination of
seven consecutive daily doses of DDP
with hydration and disulfiram reliably
cured the mice of trypanosomiasis and
produced acceptable levels of toxicity.

The possibility that trypanosomes re-
mained latent in the blood, heart, or
brain of the apparently cured animals
(surviving at 30 days) was examined by
inoculating suspensions of these tissues
into uninfected recipient animals. None
of the recipient animals developed try-
panosomiasis.

Although DDP with hydration and di-
sulfiram appeared to eradicate trypano-
somes from these mice, the toxic effects
of the drug were not completely eliminat-
ed. A study of the effects of disulfiram
rescue and hydration on DDP toxicity (6)
indicated that, at 30 days after the initial

tRelapse of parasitemia.

tAverage survival from

treatment with DDP, kidney damage was
at a minimum when disulfiram was com-
bined with hydration. Disulfiram alone
was superior to saline alone in ameliorat-
ing DDP toxicity as measured by surviv-
al at 30 days and according to a histo-
pathological evaluation. Disulfiram plus
saline produced plasma BUN levels
within the normal range over the entire
30-day period when the daily dose of
DDP was 3 mg/kg, whereas the control
mice that received no DDP produced
markedly elevated BUN levels.

Acute tubular necrosis was demon-
strable after 8 days of treatment with
DDP alone (3 mg/kg-day) (Fig. 1A). Min-
imal tubulointerstitial nephritis occurred
when the animals received disulfiram
and saline in addition to DDP (Fig. 1B).
Histological examination of gastrointes-
tinal tissue sections revealed no toxic
effects of the drugs.

The toxicity of DDP was further re-

Fig. 1. (A) Photomicrograph of a section of kidney from a mouse infected with T. rhodesiense 8 days previously and treated with DDP. The
arrows point to areas of acute tubular necrosis, showing epithelial cells with pycnotic nuclei and desquamation into the tubular lumen (x550). (B)
Photomicrograph of section of kidney of mouse infected with T. rhodesiense 32 days previously and treated with DDP, disulfiram, and saline.
Minimal tubulointerstitial nephritis is shown by focal accumulations of mononuclear inflammatory cells surrounding areas of regenerating tubular
epithelium as indicated by arrow (x100) (inset, x250).
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duced by embedding the drug in a poly-
lactic acid matrix (PLA) (7). A single
intraperitoneal injection of DDP-PLA
(100 mg/kg, in saline) cured the mice of
T. rhodesiense (8). The amount of DDP
released from the DDP-PL A matrix com-
posite during the first week after the
injection was less than the amount of
drug administered for a single day during
the 7-day regimen of 3 mg/kg-day. Con-
sequently, the drug dose released from
the composite was below the nephro-
toxic levels for DDP.

Thus we have shown that DDP admin-
istered in conjunction with disulfiram
rescue and hydration is an effective anti-
trypanosomal agent. Although the treat-
ment was toxic to 3 of 40 animals (7.5
percent, Table 1), most of the animals
were cured and their tissues did not
harbor latent infectious organisms.

Trypanocidal ‘effects of antibiotic and
antineoplastic agents have been noted in
several recent reports (9). We now add
DDP, an antineoplastic agent commonly
used in humans, to the list of trypanoci-
dal agents with potential for application
in vivo. The specific regimen that we
used to ameliorate potential toxicity may
prove useful in the treatment not only of
infectious diseases but also of human
malignancies.
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Small Nuclear RNA U2 Is Base-Paired to Heterogeneous
Nuclear RNA

Abstract. Eukaryotic cells contain a set of low molecular weight nuclear RNA'’s.
One of the more abundant of these is termed U2 RNA. The possibility that U2 RNA
is hydrogen-bonded to complementary sequences in other nuclear RNA’s was
investigated. Cultured human (HelLa) cells were treated with a psoralen derivative
that cross-links RNA chains that are base-paired with one another. High molecular
weight heterogeneous nuclear RNA was isolated under denaturing conditions, and
the psoralen cross-links were reversed. Electrophoresis of the released RNA and
hybridization with a human cloned U2 DNA probe revealed that U2 is hydrogen-
bonded to complementary sequences in heterogeneous nuclear RNA in vivo. In
contrast, U2 RNA is not base-paired with nucleolar RNA, which contains the
precursors of ribosomal RNA. The results suggest that U2 RNA participates in
messenger RNA processing in the nucleus.

The small nuclear RNA’s are abun-
dant, metabolically stable low molecular
weight RNA species that are present in
all eukaryotes (/). Their functions are
not understood. The first small nuclear
RNA to be purified was the species
termed U2 (““U” for uridylate-rich),
which is 189 nucleotides long, and like

most of the other small nuclear RNA’s,
carries an inverted trimethylguanosine
“‘cap’ atits 5’ end (2). We have investi-
gated the possibility that U2 RNA is
associated with high molecular weight
nuclear RNA [heterogeneous nuclear
RNA (hnRNA)] through intermolecular
base-pairing of complementary se-

A hnRNA

U2 RNA

Psoralen and 385 nm light
(applied in vivo)

Photocatalyzed cross—-
linking (365 nm)

hnRNA isolated and denatured

Electrophoresis t reversal
of cross-links

Reversal:

=T+ [ = hnRNA does
not enter gel
Ultraviolet reversal
(254 nm) o
" H WNME | < Released U2 RNA
s detected by
C CHgNHy*CI" CHy '§. hybridization with
- cloned U2 DNA
1]
prr}

CHy

Fig. 1. Psoralen cross-linking and experimental strategy. (Left) Chemistry of cross-linking.
4’-Aminomethyl-4,5’,8-trimethylpsoralen (A) was synthesized from 4,5’ ,8-trimethylpsoralen as
described (3, 5). The arrows indicate carbon atoms in the pyrone and furan rings which, upon
365-nm irradiation, react with the carbons at positions 5 and 6 of pyrimidines to form
cyclobutane bridges. In the case of diadducts, this constitutes a covalent, interstrand cross-link
(B). The cross-links can be subsequently broken by irradiation at 254 nm (7a, 8), as shown in
(C). (Right) Base-pairing between small nuclear RNA U2 and high molecular weight hnRNA is
detected by treating intact cells with 4’-aminomethyl-4,5’ 8-trimethylpsoralen and 365-nm light.
The hnRNA is then extracted and denatured, and equal amounts are subjected to electrophore-
sis with or without reversal of cross-links. The polyacrylamide concentration of the resolving
gel is such that high molecular-weight RNA is excluded. Small RNA species released by
reversal of psoralen cross-links are identified after electrophoresis by hybridization with cloned
DNA specific for individual small nuclear RNA species.

SCIENCE, VOL. 217, 30 JULY 1982





