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were substantially the same as those shown
in Table II.

Comment. The observation of hemolysis of
human cells by complement from the same
individual, and the various conditions under
which this reaction occurs, are of theoretical
interest and suggest possible new approaches
to the problem of complement’s role in
hemolysis. The complement fixation test itself
may prove to be of practical value under
some circumstances. There are certain
advantages in a serological test which involves
an homologous hemolytic system, instead of
the 3 or more mammalian species which are
represented in the usual complement fixation
test. Moreover, the method makes it possible
to do complement fixation tests under con-
ditions where one or another of the usual
reagents cannot be obtained.

There are certain limitations to the use of
this method which should be pointed out. In
Wassermann tests, the frequent finding of
an anticomplementary effect of antigen pre-
sents a technical disadvantage. Moreover,
the test is not feasible with antigens for which
many human sera possess antibodies in low
titer, such as influenza virus in allantoic
fluid, since the complement employed for the
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test may be partially fixed due to the presence
of antibody in the same serum. For the same
reason, it is probable that certain tissue
antigens, with which human sera may react
non-specifically in low dilution cannot be
tested by this method. However, in those
systems which lend themselves to the homol-
ogous test, the results appear to be clear-cut
and are reproducible.

Summarv. Human erythrocytes undergo
lysis in the presence of tannic acid and human
complement, even when cells and comple-
ment are obtained from the same blood
sample. This reaction is dependent upon an
optimal concentration of 0.7% sodium
chloride, and an optimal concentration of
between 0.06 and 0.03% tannic acid. When
these substances are present in proper con-
centration, human complement can be titrated
with reproducible results.

Specific fixation of human complement by
three separate antigen-antibody systems has
been demonstrated, employing homologous
erythrocytes sensitized by tannic acid. Anti-
body titers determined by this method were
comparable to those obtained in the standard
complement fixation test.
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Effect of Chloromycetin on Experimental Infection with Psittacosis and
Lymphogranuloma Venereum Viruses.

Josepr E. SmapeL AnND ELizABETH B. JACksoN.

From the Department of Virus and Rickettsial Diseases, Army Medical Department Research
and Graduate School, Army Medical Center, Washington, D.C.

The results of the search for chemical and
antibiotic substances which might be effective
in the treatment of infections of wviral and
rickettsial origin have been reviewed recently

1 Andrewes, C. H., King, H., and van den Ende,
M., J. Path. and Bact., 1943, 55, 173.

2 Kramer, S. D., Geer, H. A., and Szobel, D. A,,
J. Immunol., 1944, 49, 273.

8 Jones, H., Rake, G., and Stearns, B., J. Infect.
Dis., 1945, 78, 55.

by several groups of workers.!® The contri-
bution of Hamre and Rake’ is of especial
interest as regards the current subject since
it deals particularly with viruses of the
psittacosis-lymphogranuloma group. The pres-

4 Cutting, W. C., Dreisbach, R. H., Halpern, R.
M., Irwin, E. A,, Jenkins, D. W., Proescher, F., and
Tripi, H. B., J. Immunol., 1947, 87, 379.

5 Hamre, D., and Rake, G., J. Infect. Dis., 1947,
81, 175.
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ent paper amplifies our earlier report® on the
use of Chloromycetin? in experimental in-
fections with psittacosis virus and summarizes
our observations on the treatment of embry-
onated eggs and mice infected with the virus
of lymphogranuloma venereum.

Materials and Methods. Virus material. The
6-BC and P-4 strains of psittacosis were em-
ployed in this work. The former, isolated in
1941 by Dr. K. F. Meyer from a parakeet,
was obtained from Dr. E. Lennette as lyoph-
ilized yolk sac material; it is well adapted to
growth in embryonated eggs and is lethal
for mice when inoculated by either the intra-
cerebral or the intraperitoneal route. The
latter, isolated in 1942 from a sick pigeon,?
also grows profusely in the yolk sacs of
embryonated eggs but is lethal for mice only
when inoculated intracerebrally. The L. A.
strain of lymphogranuloma venereum used
in the present experiments was obtained in
1943 from the inguinal gland of a patient;®
it has been maintained since in this laboratory
by passage in the yolk sacs of embryonated
eggs or brains of mice.

Preparations of the 3 agents used in the
present work consisted of 20% suspensions of
infected yolk sac tissue triturated in sterile
Difco skimmed milk media pH 7.2; these
were cleared of large particles by light centri-
fugation and stored in 2.0 ml amounts in
rubber stoppered tubes at —-70°C. The in-
fectivity of each of the stored suspensions was
determined by titration in embryonated eggs
inoculated by the yolk sac route. In addition,
each suspension was titrated intracerebrally
in mice, and the preparation containing the
6-BC strain was also titrated intraperitoneal-
ly in mice. Titers were calculated by the 50%
end point method.!?

Chemotherapy experiments in eggs. The

6 Smadel, J. E., and Jackson, E. B., Science,
1947, 106, 418.

7 Ehrlich, J., Bartz, Q. R., Smith, R. M., Joslyn,
D. A, and Burkholder, P. R., Science, 1947,
106, 417,

8 Smadel, J. E., Wall, M. J., and Gregg, A.,
J. Exp. Med., 1943, 78, 189.

9 Zarafonetis, C. J. D., New England J. Med.,
1944, 230, 567.
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procedure developed in this laboratory for
testing the efficacy of drugs on the growth of
rickettsial organisms in embryonated eggs'!
was followed in the current studies. In this
technique, groups of 24 embryonated eggs
which had been incubated for 7 days were
inoculated by the yolk sac route with 0.1 or
0.2 ml of a solution containing the desired
amount of drug; the control group received
0.2 ml of buffered saline. Then all the
embryonated eggs were again injected into
their yolk sacs with 0.2 ml of that dilution
of standard virus suspension which would be
expected to kill the majority of the embryos
in the control group in 4 to 5 days. Usually
30 to 45 minutes elapsed from the time an
embryo was treated with drug until it received
the infectious inoculum. In certain tests
therapy was delayed for 24 to 48 hours after
infection. Eggs were kept from the time of
setting and throughout the experiment in
an incubator regulated to 37°C. Following
inoculation they were candled daily and the
time of death of the embryos recorded. Deaths
occurring in the first 2 days were not counted
in the results. The mean day of death of
embryos in each group was calculated. An
estimate of the efficacy of the drug was ob-
tained by subtracting the mean value of the
control group from that of the treated group;
this gave a figure which was taken as the
average prolongation of life of the treated
eggs. The methods for statistical analysis of
the present data were the same as those used
previously.!® Dr. Ross L. Gauld performed
these calculations for us.

Chemotherapy experiments in mice. Swiss
mice of the Bagg strain, weighing 14-18 g
were used in the present experiments. Mice
infected by the intracerebral or intraperitoneal
route received 0.03 ml or 0.2 ml, respectively,
of an appropriate dilution of standard frozen
virus suspension. Chloromycetin was admin-
istered to mice by mouth or injected intra-

10 Reed, L. J., and Muench, H., 4m. J. Hyg.,
1938, 27, 493.

11 Smadel, J. E., Jackson, E. B., and Gauld,
R. L., J. Immunol., 1947, 57, 273.

12 Early, R. L., and Morgan, H. R., J. Immunol.,
1946, 53, 251.
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FIG. |

PROLONGATION OF LIFE OF INFECTED EMBRYONATED EGGS
TREATED WITH CHLOROMYCETIN
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peritoneally. When the former route was
used, sufficient drug was dissolved in distilled
water so that each 1.0 ml of solution con-
tained 14 the desired daily dose for a mouse.
Daily at 5:00 p. m. each group of 10 mice
was offered 20 ml of such solutions in a
drinking bottle. This amount was usually
consumed by morning unless the mice were
moribund. During the day the animals were
offered tap water. For therapy by the intra-
peritoneal route sufficient drug was dissolved
in physiological saline solution so that each
1.0 ml contained the desired daily dose: this
was given each morning at 9:00 a. m.

The lethal titers of the virus suspensions
were calculated by the 509% end point meth-
od!® for each set of control mice, and where
feasible, for the groups of drug-treated mice.

Results. Prolongation of life of infected
embryos treated with varying doses of drug
and at different times. Fig. 1 summarizes
experiments in which doses of drug varying
from 0.0625 mg to 0.5 mg were injected into
the yolk sac just prior to infection with sev-
eral hundred M.L.D.’s of one of the 3 agents.
In this figure the average prolongation of life
of the treated groups expressed in days is
plotted against the amounts of drug given.
The values for prolongation of life obtained
in tests with doses of 0.0625 mg and above
were statistically significant. It is apparent
that a direct relationship exists between
the amounts of drug employed and the pro-

longation of life of the treated embryos.
Furthermore, the results obtained with the
2 strains of psittacosis virus are essentially
identical. In this method of testing, lympho-
granuloma virus would appear to be slightly
more susceptible to chemoprophylaxis with
the drug than psittacosis virus.
Chloromycetin has a chemotherapeutic ef-
fect in infected embryos even when treatment
is delayed for 24 or 48 hours. The results ob-
tained in tests with the P-4 strain of psitta-
cosis are illustrated in Table I; these are
typical of the data obtained with each of the
3 agents. The prolongation of life in the group
treated 24 hours after infection was, in
each instance, slightly greater than that ob-
tained when treatment was given Y5 hour
before infection. While the values for these
differences in some of the S5 experiments with
the 3 agents were such as might have oc-
curred by chance, the fact that they all
trend in one direction is significant. In the
experiment illustrated, and in those with
the other strains, the effect induced by treat-
ment given 48 hours after infection ap-
proached that recorded for the group treated
just prior to infection. In another experiment
embryos were infected with approximately
1,000,000 M.L.D.’s of the 6-BC virus. The
average day of death in the control group
in this test was 3.1 days. Even when injection
of the drug was delayed for 48 hours there
was still a significant prolongation of life of
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TABLE 1.
Chloromyeetin in Exper‘mental Psittacosis in Eggs (Infecting Dose 500 MLD’s of P-4 Strain).
Drug treatment
L N
No. of eggs Time given Mean day Prolongation of
in group mg/egg (in hours) of death life (days)
24 None 4.83
24 0.5 15 Pre 8.13 3.30
24 0.5 24 Post 8.77 3.94
24 0.5 48 Post 7.64 2.81
TABLE II.
Chloromyeetin in Experimental Psittacosis in Mice (Infecting Dose 80 MLD’s of 6-BC Strain
Intraperitoneally).
Drug treatment
— ~ Dilution of infectious inoculum
mg/day N
Route mouse Day begun 10-5 10-6 10-7 10-8 10-9 10-10
None 10/10 7/10 8/10 6/10 2/10 0/10
LP. 2.5 1 Post 1/10
2.5 3 1/10
2.5 6 1/10
1.5 1 0/10
1.5 3 2/10
1.5 6 1/10
0.75 1 0/10
0.75 3 4/10
0.75 6 7/10
Fed 5.0 1 Pre 0/10
TABLE III
Chloromyeetin in Mice Infected by Different Routes with 6-BC Strain of Psittacosis.
Drug treatment Infectious inoculum
) Dilution
mg/day — \
Zxp. Route mouse Daybegun Route 10-3 10-4¢ 10-5 10-6 10-7 10-8 10-9 10-10 Titer
None 10/10 10/10 10/10 6/8 8/10 6/10 5/10 0/10 10-8.3
la LP. 2.5 1 post 3/10 0/9 2/9 0/8 0/9 <10-3
0.2 ce
Fed 5.0 1 pre 5/10 2/10 2/10 0/8 0/10 10-3.4
None 10/10 10/1010/1010/10 10/10 5/10 0/10 10-9.0
I.C.
1b LP. 2.5 3 hours pre 10/1010/1010/10 4/10 10-8.8
0.03 ce
Fed 5.0 1ypre 10/10 9/10 9/10 2/10 10-8.5

the treated embryos, z.e., 1.5 days.

Effect of Chloromycetin in mice infected by
lifferent routes. Mice infected by the intra-
seritoneal route with approximately 80
M.L.D.s of the 6-BC strain of psittacosis
were treated with Chloromycetin by the intra-
seritoneal or oral routes. Data from such an
>xperiment are illustrated in Table II. In
this and subsequent experiments the anti-

biotic was given to the mice in each test group
from the time indicated until death occurred
or until the 12th day after inoculation of the
infectious material; treated and control mice
were observed until the 21st day when the
experiment was terminated. Seven of the 10
control mice which received the same concen-
tration of challenge virus used to infect the
treated mice died between the 6th and 10th
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days. It is apparent from the tabular data
that the daily intraperitoneal administration
of 1.5 mg of Chloromycetin beginning 6 days
after infection was effective since only one
of the 10 mice in the group died. Half this
amount of drug was ineffective when treat-
ment was begun on the sixth day but did
protect the entire group when given from the
first day after infection. Finally, the data in
Table II show that all mice which received
approximately 5.0 mg of drug per day by
mouth survived the infection.

A series of experiments was next performed
in which mice were infected by the intra-
cerebral route with the P-4 strain of psitta-
cosis or the L. A. strain of lymphogranuloma
venereum virus and treated with Chloro-
mycetin either by mouth or by intraperitoneal
injection, In none of these experiments was
a beneficial chemotherapeutic effect demon-
strated. The question then arose as to whether
Chloromycetin would under any circum-
stance protect against intracerebral infection
with a member of the psittacosis-lympho-
granuloma group. The 6-BC strain of psitta-
cosis was chosen for the next experiment
because it is lethal when given either intra-
peritoneally or intracerebrally; this is in
contrast to the P-4 strain of psittacosis and
the lymphogranuloma virus which are lethal
only when given by the intracerebral route.

In the experiment summarized in Table
I1I, groups of mice were injected by one of
these 2 routes with serial 10-fold dilutions of
the 6-BC suspension and treated with Chloro-
mycetin by daily injection or by feeding. It
is apparent from the data presented in this
table that treated mice survived inoculation
with enormous amounts of virus injected by
the intraperitoneal route but displayed no
resistance to intracerebral inoculation of the
virus.

Effect of Chloromycetin on the virus in
vitro and in vivo. Chloromycetin possesses
little or no direct virucidal action against the
agent of psittacosis. This was demonstrated
in an experiment in which 2 portions of a
105 dilution of a standard suspension of
6-BC strain were prepared; one contained the
virus in ordinary milk diluent whereas in
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the other the virus was suspended in milk
media in which was dissolved 2.5 mg of drug
per ml. These 2 portions were held at room
temperature for 2 hours and then titrated in
embryonated eggs. The lethal titers were
10%-% and 1071°-3, respectively. Furthermore,
the average day of death of the embryos
inoculated with dilutions of the control and
drug treated suspensions of virus were es-
sentially the same. As was to be expected the
lives of the embryos which received the
original virus suspension containing 2.5 mg
of drug per ml were prolonged.

In the present experiments none of the
embryonated eggs inoculated with even a
few hundred M.L.D.’s of virus survived to the
time for hatching even when treated with 0.5
mg of drug. Yolk sac tissues from moribund
treated eggs were as rich in elementary bodies
as were those from controls.

In the experiment summarized in Table
II, practically all of the mice which survived
when treatment was begun later than the
first day after infection developed obvious
signs of disease. Those least affected showed
ascites but otherwise appeared fairly healthy.
No apparent illness was noted among the
mice given the drug by mouth beginning the
day before infection. In this experiment the
spleens from 2 animals of each treated group
in which all mice survived were tested for virus
by passage to normal mice; each suspension of
splenic tissue contained active virus. Further-
more, the remaining animals in these groups
resisted an intraperitoneal challenge inocula-
tion containing several hundred M.L.D.’s of
the 6-BC strain. Thus, infection was not
prevented in mice treated prophylactically
nor were the tissues freed of virus when the
drug was used for chemotherapy.

Direct evidence that Chloromycetin has a
suppressive effect on the growth of virus in
treated mice was obtained in the experiment
summarized in Table III. Two mice from
each of the groups which received a 10¢
dilution of virus were exsanguinated on the
sixth day, care being taken to obtain the
blood without contamination from the peri-
toneal cavity. At this time the treated mice
looked healthy but the controls were sick. The
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infective titers of the pooled hearts’ bloods
determined in mice were as follows: controls,
102-5; group treated with injections of 2.5
mg of drug, 10°1-3; group fed 5 mg of drug,
less than 10! (1 of 5 mice receiving a 10!
dilution of blood succumbed).

Discussion. Penicillin and drugs of the
sulfonamide series have a therapeutic effect
on experimental infections caused by a num-
ber of agents of the psittacosis-lymphogran-
uloma group. Furthermore, these substances
have been employed in the treatment of pa-
tients with lymphogranuloma venereum or
psittacosis (see 3). The present data obtained
in infected embryonated eggs and mice treated
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with Chloromycetin suggest that the new anti-
biotic possesses about the same degree of
activity as that displayed by penicillin and
sulfadiazine in similar types of studies.'? It
is of interest that none of the drugs are really
effective in treatment of mice infected by the
intracerebral route with these agents.
Conclusion. Chloromycetin possesses con-
siderable therapeutic activity in embryonated
eggs and mice infected with the viruses of
psittacosis or lymphogranuloma venereum.
This activity is comparable in amount to that
demonstrated by others for sulfadiazine and
penicillin tested under similar conditions.
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Inhibition of Multiplication of Influenza Virus by Tannic Acid.*

RoBERT H. GREEN.

(Introduced by Francis G. Blake.)

From the Department of Internal Medicine, Yale Universiy School of Medicine, and the Medical
Service of the New Haven Hospital, New Haven, Conn.

Recently it has been reported-® that var-
ious substances inhibit multiplication of one
or more viruses of the mumps-influenza group
as well as the pneumonia virus of mice. In
some instances these substances inhibit both
virus multiplication and virus hemagglutina-
tion. Moreover, of considerable interest is

* Aided by a grant from the United States
Public Health Service.

1 Wheeler, A. H., and Nungester, W. J., Science,
1944, 100, 523.

2 Green, R. H., Rasmussen, A. F., Jr.,, and
Smadel, J. E., Pub. Health Rep., U. 8. P. H. 8.,
1946, 61, 1401.

8 Horsfall, F. L., Jr., and McCarty, M., J. Exp.
Med., 1947, 83, 623.

4 Green, R. H., and Woolley, D. W., J. Exp.
Med., 1947, 86, 55.

5 Licbmann, A. J., Perlstein, D., and Snyder,
G. A., J. Bact., 1947, 54, 63.

6 Rubin, B. A., and Giarman, N. J., Yale J.
Biol. and Med., 1947, 19, 1017.

7 Ginsberg, H. 8., Goebel, W. F., and Horsfall,
F. L., Jr., Proc. Soc. Exp. BioL. ANL MED., 1947,
66, 99.

8 Burnet, F. M., The Lancet, 1948, 254, 7.

the fact that some of these substances are
themselves capable of agglutinating erythro-
cytes. For the most part, when tested in vitro
they exert little or no direct effect upon the
viruses against which they are active in vivo.
With the exception of the enzyme described
by Burnet,® which apparently acts upon the
receptor substance of the cell, the mode of
inhibitory action and the relationship of
inhibition of hemagglutination to that of
multiplication are obscure.

The fact that tannin agglutinates erythro-
cytes has been known for some time.? During
the course of studies on hemagglutination it
was observed that tannic acid in concentra-
tions as low as 45 pg per cc agglutinates
chicken erythrocytes. Subsequent investiga-
tion showed that smaller amounts of tannic
acid actually inhibit the agglutination of
chicken erythrocytes by influenza A virus.
Furthermore, tannic acid inhibits the multi-
plication of influenza A virus in vive and
inactivates the virus i vitro.

9 Freund, J., J. Immunol., 1931, 21, 127,





