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caused an uncoupling of phosphorylation
from oxidation as evidenced by a reduced P/O
ratio. This effect of serotonin was removed by
monoamine oxidase blockade. Indication that
the effect of serotonin is mediated via its
carbonyl derivative was further strengthened
by the use of 3-indole-acetaldehyde which
gave similar inhibition of phosphorus and
oxygen uptake. These findings support the hy-
pothesis that serotonin could impede brain
function by inhibition of energy producing
reactions.
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Experimental Infection of Chimpanzees with Human Rhinovirus

Types 14 and 43* (32875)
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Judging from findings in etiologic studies
of upper respiratory illness, rhinoviruses are
associated with more ‘“cold-like” illness than
any other group of viral agents (1-3). Ex-
perimentation on the pathogenesis, prevention,
and cure of human rhinovirus infections has
been handicapped by the lack of an experi-
mental animal other than man. In 1930,
Dochez and his associates (4) found that

* Gratitude is expressed to the entire staff of the
Delta Regional Primate Center; particularly helpful

were Dr. Arthur Riopelle, Director, Dr. Charles Hill,
Chief of Cooperative Research, Dr. William Greer,
Primate Veterinarian, and Mr. Michael Brady, Re-
search Specialist in Large Primates. Gratitude is also
expressed to Miss Becky Blumer and Mr. Stanley
Williams of Wisconsin for excellent virologic work.
This research was supported in part by USPHS
Grant E 1299 and was presented at the annual meet-
ing of the American Society for Microbiology in
New York, May, 1967.

1 Career Research Deveclopment Awardee of the
National Institute of Allergy and Infectious Diseases.



1080

chimpanzees were susceptible to human
“colds” transmitted through bacteria-free
nasopharyngeal filtrates. In the hope that
these “colds” may have been caused by rhino-
viruses, chimpanzees were exposed in the
present experiments to rhinovirus types 14
and/or type 43. Although the animals did
not “catch cold,” they did shed these viruses
for several days, formed specific neutralizing
substances and were apparently not infected
when later rechallenged with the same virus.

Materials and Methods. All procedures
directly involving animal use were carried out
by the author at the Delta Regional Primate
Center of Tulane University, Covington,
Louisiana using resident chimpanzees and
with the collaboration of the Delta staff.

Both rhinoviruses were “H” strains. Type
14, strain NIH 1059, was originally isolated
from a marine recruit at Parris Island, S. C.,
(5) and the virus suspension for infection was
supplied by Dr. J. Holper of Abbott Labora-
tories, North Chicago, Ill. Type 43, strain
Wis258E, was isolated from a male graduate
student attending the University of Wisconsin
(3)-

The experimental infections were done in a
three-experiment series spanning the year
November, 1964-November, 1965, each ex-
periment being a variation on the following.
A blood sample was taken from each chimpan-
zee, and, daily for 2 or 3 days, the animals
were examined by a veterinarian or a phy-
sician and throat swabs were obtained. After
this observation period, the virus was ad-
ministered intranasally and/or by nebuli-
zation. Throat and blood specimens were
taken at the intervals shown in the table.
Rhinovirus propagation and neutralization
techniques have been recently described (3).

Anesthesia was usually necessary in these
experiments. Various narcotics, barbiturates
and nitrous oxide were used singly or in com-
bination. It was important to use short-acting
drugs, as experiments were often performed
daily and the animals had to be able to take
regular nourishment. All chimpanzees were
estimated to be within 2-5 years of age.

Results. Experiment 1, November, 1964.
The 500 TCID;, of rhinovirus 14 was ad-
ministered intranasally to each of six chim-
panzees. Three of the animals sporadically
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shed virus in the throat and produced serum
antibody with homologous neutralizing titers
from 1:64 to 1:256 in around 3 weeks.

Experiment 2, May, 1965. The 10,000
TCIDj of rhinovirus 43 was given by nebuli-
zation (DeVilbiss no. 40) and intranasal in-
stillation to each of three chimpanzees. Virus
was detected in the throat from the first
through the eighth day after administration.
Antibody titers were 1:4 to 1:8 at 7 days and
were 1:256 at 18 days.

Experiment 3, November, 1965. This ex-
periment tested homologous protection against
10,000 TCIDj;, of each virus administered as
in experiment 2. Six chimpanzees were given
rhinovirus 43; three of the animals had been
given this agent in experiment 2 and had
serum antibody titers of 1:256. Four different
chimpanzees were given rhinovirus 14; two of
the animals had been given this virus in ex-
periment 1 and had serum antibody titers of
1:64 (chimp. 315) and 1:256 (chimp. 309).
The data from the rhinovirus 14-infected ani-
mals are illustrated in Table I. The results of
infection with either virus were essentially
identical in that the virus was shed regularly
in the antibody-free animals and completely
inhibited in those with preinfection antibody.
Attention is called to chimpanzee 315 which
had been infected with this virus in experi-
ment 1; his serum antibody fell from 1:64 to
less than 1:6 in the intervening year, and
upon this rechallenge exhibited, little, if any,
anamnestic reaction. None of the chimpanzees
showed signs of clinical illness.

Discussion. The experiments cited here
show that after nasopharyngeal administra-
tion, two strains of human rhinoviruses can
infect chimpanzees. To the writer’s knowledge
this is the first report of the infection of a
nonhuman host with any human rhinovirus.
Despite the relative costliness of the chimpan-
zee and of the difficulty in working with such
a powerful primate, it possesses certain ad-
vantages over humans as an experimental ani-
mal for rhinovirus infections. As examples,
promising antiviral agents could be tested for
in wvivo efficacy before putting such drugs
through the procedure required to license
them for human experimental use; or, simi-
larly, unlicensed vaccines or other virus prep-
arations could be tested for immunogenicity or
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TABLE I. Experiment 3, November, 1965: Serum Neutralizing Antibody Responses and Serial Pharyu-
geal Virus Isolations of Rhinovirus Type 14 Strain NIH 1059 after Nebulization-Intranasal Instillation
of 10,000 TCIDs,.

Days after virus administration

—7 —01 0 0.2 1 2 4 [§ 8 10 14 21 28
Chimp. Virusisolates® — — 4+ + — 4+ - 4+ 4+ + + + —_
304 Antibody titer <3 <3 <3 <3 L3 <3 K3 <3 90
Chimp.  Virus isolates - — 4+ + -+ + + + + + — -
308 Antibody titer <3 <3 <3 <3 <3 <3 181 256 256
Chimp. Virus isolates — —_ = — —_ —_- - = = = = — —
309*  Antibody titer 181 181 90 128 128 128 90 90 256
Chimp.  Virus isolates — — 4+ + - - - 4+ 4+ + — —
315"  Antibody titer <6 <b <6 <6 <6 45 1444 2048 512

¢ (—) indicates that the throat specimen was passaged once in human embryonic diploid tissue culture
and no rhinovirus 14 was isolated; (4) indicates rhinovirus 14 isolation.
? Chimpanzees 309 and 315 were previously inoculated with rhinovirus 14.

interference either by injection or by respira-
tory infection. It should also be possible to
carry out the detailed studies on the patho-
genesis of rhinovirus infections which are im-
possible in man.

Summary. In three serial experiments,
chimpanzees free of specific neutralizing anti-
body were infected with rhinovirus types 14
or 43. Although infected animals shed virus
from 6 to 21 days and produced high levels of
specific antibody, clinical illness was not
discernible. Providing serum neutralizing
antibody was still present, chimpanzees re-
challenged with the same agent shed virus for
less than 5 hours. To the author’s knowledge

this is the first report of successful experi-
mental infection by human rhinoviruses of
species other than man.

1. Gwaltney, J. M., Jr.,, Hendley, J. O. Simon,
G, and Jordan, W. S, Jr, New Engl. J. Med.
275, 1261 (1966).

2. Hamre, D., Connelly, A. P., Jr., and Procknow,
J. J., Am. J. Epidemiol. 83, 238 (1966).

3. Dick, E. C., Blumer, C. R, and Evans, A. S,,
Am. J. Epidemiol. 86, 386 (1967).

4. Dochez, A. R., Shibley, G. S., and Mills, K. C,,
J. Exptl. Med. 52, 701 (1930).

5. Johnson, K. M. and Rosen, L., Am. J. Hyg.
77, 15 (1963).

Received Sept. 14, 1967. PS.EB.M., 1968, Vol. 127.

A Chemical Method for the Estimation of Brain Sulfhydryl Groups
(32876)

SaBir GaBaY, ANTONIO M. CABRAL,! AND ROBERT HEALY?
Biochemical Research Laboratory, Veterans Administration Hospital, Brockton, Massachusetts,
02401 and Department of Biochemistry, Boston University School of Medicine,
Boston, Massachusetts 02118

Numerous methods for determining concen-
trations of sulfhydryl groups (-SH) in tissue
homogenates have been developed. In addi-
tion to methods measuring total -SH con-
tent (1,2); more specific procedures for —SH
amino acids (3), glutathione (4,5), total non-

protein —SH (6) and protein—-SH (7) have
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