mouse embryo, and we related this inter-
ference to the pathogenesis of cleft lip
and palate (/4). In addition, this treat-
ment retards the schedule of embryonic
development by 4 to 6 hours (/5) and
produces hypoplasia of the lateral nasal
prominences (/6). These manifestations
of abnormal development may result
from interference with critical interac-
tions between mother and embryo. Since
hyperoxia is so effective in reducing the
teratogenicity of phenytoin, it is tempt-
ing to speculate that the drug, and its
alkaline vehicle in this case, by depress-
ing maternal cardiorespiratory function,
indirectly affects embryonic develop-
ment. This maternally mediated mecha-
nism of teratogenesis can be partly com-
pensated for by increasing the O, ten-
sion, which restores oxygen delivery to
the mother and embryo. The results of
the present study are supported by evi-
dence reported by Millicovsky and his
co-workers (/7) that injection of sub-
stances that acutely alter maternal car-
diovascular function can severely affect
the structure and function of the embry-
onic cardiovascular system and produce
craniofacial, limb, and trunk defects. It
may be that phenytoin injection de-
creases uterine circulation, since an ear-
lier study has shown that brief reduc-
tions in uterine blood flow at critical
times in pregnancy may disrupt embry-
onic cardiac function and severely com-
promise the craniofacial region of the
developing embryo (I8). This finding
substantiates our hypothesis that the de-
pression of cardiorespiratory function
elicited by phenytoin in A/J mice may be
responsible in part for the facial clefts
seen in the term fetuses. The results of
our study demonstrate that a drug does
not have to reach the embryo to produce
malformations. This concept has general
implications for the possible roles of
maternal toxicity on teratogenesis.
Although we have shown here that
respiratory hyperoxia (50 percent O, and
50 percent N,) reduces the teratogenic
effect of phenytoin, it is necessary to
determine if elevated O, concentrations
help the embryo by compensating for
depression in maternal cardiorespiratory
function or by reducing other effects of
phenytoin (3) in the maternal-placental-
embryonic complex (/9).
GUILLERMO MILLICOVSKY
Dental Research Center, University of
North Carolina, Chapel Hill 27514
MarcorLM C. JOHNSTON
Dental Research Center and
Department of Orthodontics, School of
Dentistry, and Department of Anatomy,
School of Medicine, University of
North Carolina
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Measles Virus Nucleotide Sequences:

Detection by Hybridization in situ

Abstract, A tritium-labeled probe that detects measles virus nucleotide sequences
was hybridized in situ to cells infected with measles virus and to sections of brain
tissue from patients with subacute sclerosing panencephalitis and from patients with
multiple sclerosis. The measles virus genome was detected in many cells in subacute
sclerosing panencephalitis where this virus would have been missed by methods such
as immunofluorescence. Measles virus sequences were also found in two foci in one
of four cases of multiple sclerosis. This refined method of hybridization in situ, which
can be useful in the search for covert virus infections of man, provides evidence that
viruses may be involved in multiple sclerosis.

In a number of diseases of animals
caused by viruses or virus-like agents,
symptoms appear long after the infec-
tious process is initiated (/). The rele-
vance of these slow infections to dis-
eases of humans was recognized when
diseases like kuru and Creutzfeldt-Takob
disease were shown to be transmissible
(2). Subsequently, the consistent isola-
tion of viruses and the demonstration of
viral antigens and particles in affected
organs linked a measles-like virus and a
papovavirus, respectively, to subacute
sclerosing panencephalitis (SSPE) and
progressive multifocal leukoencephalop-
athy (PML) (3, 4). There are consider-
able indirect and epidemiological data
suggesting that more prevalent human
illnesses, including multiple sclerosis
(MS), may also be slow infections, with
measles virus as the most likely infective
agent (5), but reproducible evidence of
the kind just cited has not been found.

If the measles virus genome is present
in MS, but focally distributed and re-

672 0036-8075/81/0508-0672$00.50/0 Copyright © 1981 AAAS

stricted in genetic expression, as is the
case in visna, a slow infection of sheep
(6, 7), then infectious virus, antigens, or
particles would not be detected, and
viral genetic sequences might not be
discovered by conventional hybridiza-
tion methods. The visna provirus was
identified in infected tissues by hybrid-
ization in situ (7); as now refined, this
method is capable of detecting less than
a single copy of viral sequences in indi-
vidual cells (8). We therefore used this
method to assay brain tissues of patients
with MS and with SSPE, the latter serv-
ing as a positive control. We can detect
the measles virus genome in cells in
tissue sections from cases of SSPE in
which viral antigens were undetectable
by immunofluorescence. We have found
the measles virus genome in one of four
cases of MS.

The  virus-specific  tritium-labeled
probe used in these studies was prepared
by reverse transcription of full-length
measles RNA purified from a heat-resis-
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tant Edmonston strain of measles virus
designated HRE (9). The probe had spe-
cific activity of 1.9 x 10® dpm/pg and
was hybridized to cells and tissues as
described in (8), with minor modifica-
tions (10). Under these conditions, unin-
fected Vero cells had background levels
of hybridization of two grains per cell
with 3 weeks of radioautographic expo-
sure (Fig. 1). Hybridization specifically
detects measles virus RNA because di-
gestion with ribonuclease (7) before hy-
bridization reduced grain counts to the
level of uninfected cells, and only back-
ground levels of hybridization were ob-
served with a probe specific for visna
virus.

In sections of tissues obtained by brain
biopsy from cases of SSPE in which viral
antigens were not detectable by immuno-
fluorescence (/1), small amounts of mea-
sles virus nucleotide sequences were de-
tectable by hybridization in situ (Table
1). Viral sequences were found in indi-
vidual cells (Fig. 2, A, B, and C) and in
the neuropil (Fig. 2, B and C). The
pattern of the latter reflects accumula-
tion of viral RNA in dendritic processes,
since a similar pattern is seen in ham-
sters infected with measles virus (12).

In one of four cases of MS there were
two foci with corresponding patterns of
grains over neurons and glial cells (Fig.
2C) and in the neuropil (Fig. 2, D and E).
One focus was adjacent to a demyelinat-
ed plaque (Fig. 2, C and D); the other
focus was in a relatively unaffected area
(Fig. 2E). Identical results were obtained
in two subjacent sections hybridized in-
dependently at other times. The low
background level of hybridization (in an
area adjacent to that shown in Fig. 2D) is
evident in Fig. 2F. Comparable back-
ground levels of hybridization were ob-
served in sections from five other rela-
tively unaffected areas in this patient,
from sections with plaques in this patient
and other patients with MS, and in the
tissues from patients dying of unrelated
causes. The specificity of the hybridiza-
tion result in the positive foci meets the

Fig. 1 (top). Demonstration of measles virus
RNA in tissue culture cells. Cells were hy-
bridized to tritium-labeled DNA as described
in the text. (A) Uninfected control; radioauto-
graphic exposure, 3 weeks. (B) Infected cell;
radioautographic exposure, 4 hours. Original
magnification, x600.  Fig. 2 (bottom).
Measles virus RNA in (A and B) subacute
sclerosing panencephalitis and (C-F) multiple
sclerosis. Tissue sections were hybridized to
tritium-labeled measles complementary DNA
and developed after 3 weeks. Arrows in (A),
(B), and (C) point to grains over cells and to
grains in the neuropil. Original magnification,
x600.
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Table 1. Source of tissues hybridized in situ. The diagnosis of multiple sclerosis (MS) was based
on the characteristic clinical features, course (remissions and exacerbations), elevated protein
(immunoglobulin G) in the spinal fluid, and pathology {primary demyelination). The cases of

SSPE are described in (14).

Autol s ory T Hybridi-
Case Diagnosis Age  Sex ysis of reat- zation
) time measles ment resuit
(hours) :
1 MS 51 F 3 + ACTH +
2 MS 42 M 6 + ACTH -
3 MS 56 M 23 + ACTH -
4 MS ) 44 F 10 + ACTH -
35 SSPE M 4 + Unknown +
6 SSPE 11 M 2 + Unknown +
7 SSPE 4 F 2 + Unknown +
8 SSPE 18 F 6 + Unknown +
9 Blunt force trauma 19 M 7 Unknown —
to face and neck
10 Alzheimer’s disease 67 M 24 Unknown ~
11 Heart attack 33 M 16 Unknown ~
12 Huntington's disease 68 F 12 Unknown ~

criteria defined for Vero cells; only back-
ground levels of hybridization were ob-
served in foci in subjacent sections that
were digested prior to hybridization with
ribonuclease or in sections hybridized to
a probe for visna virus sequences of
comparable specific activity.

These studies demonstrate the useful-
ness of hybridization in situ in locating
virus-specific sequences in tissues. We
estimate from grain counts and length of
exposure (/3) that with rare exceptions,
such as the cell shown in Fig. 2A, the
positive cells in SSPE contain fewer than
ten copies of the measies virus genpme
per cell; the positive cells from the pa-
tient with MS contain about one copy
per cell. Viral infection of this kind
would not be recogmzed. by application
of conventional hybridizadtion méthods in
which nucleic acid extracted .from tis-
sues is annealed in solution tg a virus-
specific probe, because of the minute
quantities of virus-specific nucleotide se-
quences (107"7 g-per cell) in the occasion-
al cell and because of the focal nature of
the infection. Methods such as immuno-
fluorescence that do assess infection at
the level of the single cell are not sensi-
tive enough to detect infection in which
there is a low cqpy number, presumably
because 1nsuﬁ”1c1ent antigen is synthe-
sized.

The experiments provide evidence for
a subtle associatioh between MS and the
genome of measles virus, or one closely
related to it, but the implications for the
etiology and pathogenesis of the disease
are not clear. If we require—as a restate-
ment of Koch’s postulates in molecular
equivalents—a constant association of
the viral genome with a disease in a
plausible site to cause that disease, nei-
ther condition is satisfied for MS. It is
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possible that the measles virus genome is
present in a much higher proportion of
cells, but was not detected because of
the limited number of tissue sections we
sampled, or because of loss of viral RNA
with longer autolysis times. The fact that
the virus genome was found in both
pathologically involved and uninvolved
areas, and in neurons as well as oligo-
dendrocytes, suggests that the virus in-
duces primary demyelination by an indi-
rect mechanism, perhaps by provoking
tissue damage as a consequence of
the host’s immune and inflammatory
response. Alternatively, measles virus
may be an adventitious agent in this
setting of a debilitated host undergoing
treatment with steroids.
A. T. HAASE
P. VENTURA
Veterans Administration Medical
Center and University of California,
San Francisco 94121
C. J. GiBss, IR.
National Institutes of Health,
Bethesda, Maryland 20205
W. W. TOURTELLOTTE
Neurology and Research Services,
Veterans Administration,
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Oxalate Degradation by Microbes of the Large Bowel
of Herbivores: The Effect of Dietary Oxalate

Abstract. Rates of oxalate degradation by microbes in gastrointestinal contents
from rabbits, guinea pigs, swine, and a horse increased after addition of oxalate to
diets. A similar response was previously observed with ruminal microbes from cattle
and sheep. Bacteria that utilize oxalate for growth appear to be selected by increased

levels of dietary oxalate.

Increased rates of oxalate degradation
by ruminal microbes account for rumi-
nant adaptation to high levels of dietary
oxalate (I). Adapted ruminants tolerate
quantities of oxalate that would be lethal
to nonadapted animals (J): The experi-
ments reported here sh thaf high lev-
els of dietary oxalate: dfiduce in-
creases in rates of oxaiate degradatlon
by microbes in the large bowel of various
nonruminant herbivores.

Low levels of oxalic acid are found in
many plants that are important in the
diets of man and other animals (3). Prob-
lems due to ingested oxalate arise mainly
when: (i) foods containing much higher
concentrations of oxalate abruptly be-
come major components of the diet, or
(i) when gastrointestinal function is al-
tered and a significantly increased’ pro-
portion of the dietary oxalate is ab-
sorbed. Nephrolithiasis resulting from
increased oxalate absorption is a fre-
quent and serious complication of in-
flammatory small bowel disease or re-
section of the terminal ileum (4).

Degradation of oxalate by gastrointes-
tinal microbes from humans (5), swine
(6), and certain rodents (7) has been
shown, but degradation rates have not
been measured and specific organisms
responsible for this activity have not
been identified. Although oxalate degra-
dation by aerobic bacteria has been ex-
tensively studied (3), these organisms
are unlikely to be important in an anaero-
bic ecosystem such as the rumen or large
bowel. An anaerobic bacterium that de-
grades oxalate to CO, and formate was,
however, recently isolated from rumen
conténts (8). This obligate anaerobe
(now called strain OxB because it has
not yet been placed taxonomically) is
apparently unable to use any substrate
other than oxalate for growth. This prop-
erty could explain how increased
amounts of dietary oxalate select for this
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organism and result in ruminal popuia-
tions that degrade oxalate at greatly in-
creased rates. ,
Laboratory animals were given free
access to gradually increasing amounts
of oxalate, the normal laboratory diet
being replaced with ground Halogeton
glomerdtus (halogeton) plant material.
The halogeton contained 14.7 percent
oxalate, most of which was present as

the soluble sodium salt (3). After 2 days
with § percent of the diet as halogeton
and 2 days with 10 percent halogeton,
the halogeton was fed at a 20 percent
level so that oxalate constituted 2.9 per-
cent of the diet. The animals were killed
7 days after the start of halogeton feed-
ing. Oxalate degradation rates wete then
estimated as described (/) by measure-
ment of '*CO, produced in vitro during
short-term iricubation of the gut contents
with C-labeled oxalate.

Mean rates of oxalate degradation by
microbes in cecal contents from rabbits
and guinea pigs fed diets that contained
halogeton were significantly (P < .001)
greater than rates with cecal cortents
from animals fed the normal diets (Table
1). With cecal contents from white labo-
ratory rats, however, oxalate degrada-
tion rates were very low in samples from
animals fed either halogeton or the con-
trol diet, and conclusive evidence for
selection of oxalate-degrading microbes
in the rat cecum was not obtained.

When a pig (48 kg) with a-surgically
implanted cecal cannul& Wwas fed a diet

containing 10 percené ,a,hg‘i later 20 per-
cent halogeton, the rates of oxalate deg-

Halogeton in diet (%) Calcium oxalate fed (g/day)
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Fig. 1. Rates of oxalate degradation (solid lines) by microbes in (a) cecal contents from a pig and
(b) rectal contents from a horse. Degradation rates were measured as in Table 1; except with pig
cecal contents, "*C-labeled oxalate was incubated with a filtrate that passed through muslin
cloth. Soluble oxalate, measured by gas chromatography of the dibutyl ester (/), was not
detected in rectal conterits from the horse.

Table 1. Mean rates of oxalate degradation by microbes in cecal contents from laboratory
animals. Tests for rabbits and guinea pigs were with cecal contents from individual animals
(three on edch diet), whereas with rats, cecal contents from two animals were pooled for each
test (six animals on each diet). The reaction mixtures, which were incubated (in duplicate)
under CO, for 1 hour at 37°C, consisted of 1.8 ml of a 1:4 dilution of cecal contents in an
anaerobic dilution solution (10) plus 0.2 ml of 0.1M **C-oxalate (0.02 wCi/wmole). One milliliter
of IN NaOH was injected through the rubber stopper to stop each reaction. 'CO;* was
measured by liguid scintillation counting after diffusion (/) into Carbo-sorb (Packard Instrument
Co.). Controls included tubes stopped at 0 minute. Student’s r-test was used to determine
confidence intervals (logarithmic transformation) on the ratios of rates of oxalate degradation in
halogeton diet to those in control diets.

Rate of oxalate degradation 95 percent confidence

Animal Control diet Halogeton diet I’in,lterval o/n ratiol
(wmole/g-hour) (mnmole/g-hour) alogeton/contro
Rabbits 0.48 5.8 7.4 to 20.1
Guinea pigs 0.68 7.2 4.6 to 244
Rats 0.02 0.08 0.45 to 250
0036-8075/81/0508-0675%00.50/0 Copyright ©® 1981 AAAS 675





