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neutralization tests with paired human sera 
from clinical cases of rubella and with rabbit 
sera pre- and post-immunization with rubella 
virus which had been grown in RK-13 cells 
and had never been through a passage in 
Vero cultures. 

Summary. Roller bottle cultures of Vero 
cells yield rubella virus fluids with infectivity 
titers in excess of 109 TCIDso/ml. The cells, 
after having produced maximal virus yields 
contain large quantities of HA and CF anti- 
gen which can be extracted by pH 9.0 gly- 
cine buffer. 
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The viral etiology of infectious mononu- 
cleosis (IM) has been postulated for many 
years but attempts to isolate the etiologic 
agent or to transmit the disease to experimen- 
tal animals have been unsuccessful (1, 2 ) .  
Recently published serologic evidence (3-5) 
suggests a possible etiologic relationship of a 
herpes-like virus (EBV) to IM. Our previous 
serologic studies demonstrated that several 
species of nonhuman primates had a signifi- 
cant incidence of complement-fixing anti- 
bodies to EBV or to a closely related virus 
(6). These findings suggested that immunity 
to infection could account for the failures to 
transmit IM to nonhuman primates. This re- 
port gives an account of renewed efforts to 
transmit the illness to rhesus monkeys and 
marmosets free of detectable EBV antibodies 
and to isolate in cell culture EBV from clini- 
cal materials obtained from IM patients dur- 
ing the acute stage of illness. 

Materials and Methods. Design of experi- 
ments. A schematic presentation of the design 
of transmission experiments is presented in 
Fig. 1. 

Clinical specimens. Patients with infectious 
mononucleosis were hospitalized at Kim- 

brough Hospital, Fort Meade, Maryland and 
at Walter Reed Army Hospital, Washington, 
D. C. The clinical diagnosis in each case was 
confirmed by the following laboratory 
findings: positive heterophile antibody test 
after guinea pig kidney absorption of the 
serum, lymphocytosis, presence of atypical 
lymphocytes, and elevation of serum transa- 
minase levels. 

A swab of the tonsillar region and a throat 
gargle in 10 ml of medium RPMI 1640 ( 7 )  
containing 10% heat inactivated fetal calf 
serum were obtained. In most cases 50 ml of 
blood was collected in ACD anticoagulant 
solution (0.8% citric acid, 2.2% sodium ci- 
trate, 2.45% dextrose) and another 10-ml por- 
tion of blood was allowed to clot for the 
collection of serum which was separated and 
refrigerated. The citrated blood sample was 
centrifuged at 1500 rpm for 10 min, the layer 
of buffy coat cells and some of the plasma 
were transferred to 16 X 100-mm test tubes 
and incubated in upright position a t  37' for 
3 hr during which time most of the erythro- 
cytes settled. The buffy coat cells were aspi- 
rated and counted in a hemocytometer. De- 
pending on the total yield of cells available a 
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FIG. 1. Design of transmission experiments of infectious mononucleosis. 

portion was pelleted and washed twice in 
phosphate buffered saline for cell culture 
studies. 

The throat gargle and the swab material 
were treated with 400 units/ml of penicillin 
G, 200 pg/ml of streptomycin sulfate, and 100 
pg/ml of amphotericin B at  room tempera- 
ture for 1 hr. The cells present in most sam- 
ples were sedimented by centrifugation and 
resuspended in 2 ml of supernatant fluid. 

Cell culture techniques. Approximately 5 
X lo6 buffy coat cellsJm1 were suspended in 
medium RPMI 1640 containing 20% heat 
inactivated fetal calf serum and 50 pg/ml of 
streptomycin sulfate. Six to 8 ml of the cell 
suspension were placed in 2-02 prescription 
bottles and these were incubated horizontally 
at  37" in a humidified CO, incubator. Parti- 
al changes of medium were made every 3-4 
days. 

Cultures of NHDL3 cells, a leukocyte cell 
line derived from a normal human donor (8) 
which has been consistently free of detectable 
EBV, were grown in medium RPMI 1640 
with 20% heat inactivated fetal calf serum 
and were maintained in the same medium. 

Virus isolation experiments . Approximately 
7 X lo6 NHDL, cells were sedimented and 
resuspended in 2 ml of combined throat gar- 
gle and tonsil swab fluids and incubated for 2 
hr a t  37". Throat gargle fluids from normal 
subjects served as controls. The cells were 
then resuspended in 15 ml of growth medium 
and placed in a milk dilution bottle at 37". 
In a similar manner NHDL3 cells were inoc- 
ulated with a suspension of a patient's plas- 
ma pelleted for 1 hr at 112,OOOg. The cul- 
tures were maintained for a period of 2-3 
months, the cell number was determined a t  
weekly intervals and acetone-fixed smears 

were prepared for immunofluorescence tests. 
Animal tranmission expTiments. The sera 

of adult or baby rhesus monkeys and cotton- 
top marmosets were tested for complement- 
fixing antibodies to EBV. Only those animals 
free of detectable antibodies to EBV were 
selected for these experiments. Rhesus monk- 
eys were inoculated intravenously with 5.0 
ml suspensions of buffy coat cells and conta- 
minating erythrocytes of IM patients. In  
early experiments the cells were suspended in 
the patient's plasma, but in later studies the 
cells were washed and resuspended in serum- 
free Eagle's medium to remove the antibodies 
to EBV from the inoculum. The concentra- 
tion of leukocytes ranged from 5&200 )( los. 
Marmosets received from 30-100 X lo* leu- 
kocytes in 1.0 ml plasma or washed and sus- 
pended in Eagle's medium. Some animals also 
received 200 X 106 cells of established leu- 
kocyte cultures obtained from 2 patients. All 
animals were observed and examined for a 
period of 2-3 months. Rhesus monkeys were 
bled at weekly intervals a t  which time a 
complete blood count was performed. Blood 
samples and blood smears were obtained from 
marmosets every other week. 

Serological tests. Heterophile antibody 
titers were determined byl Davidsohn's differ- 
ential test (9). Complement-fixing (CF) an- 
tibodies to EBV were determined as previous- 
ly described (6). The EBV antigen was ex- 
tracted from Jiyoye cell cultures of Burkitt 
lymphoma and was partially purified by 
sucrose gradient centrifugation and Freon ex- 
traction. Similarly prepared fractions derived 
from Raji cells, a virus-free Burkitt lympho- 
ma cell line, served as controls. The search 
for EBV antigen in buffy coat cultures of IM 
patients or in NHDL3 cells inoculated with 
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patients' material was carried out by direct 
immunofluorescence (IF) tests. The fluores- 
cein-isothiocyanate-labeled serum globulin 
fraction from a normal human donor contain- 
ing high levels of CF, IF, and specific coating 
antibodies to EBV (6)  was used throughout 
these tests. 

Results. A total of 11 infectious mononu- 
cleosis patients were selected for this study. 
A summary of clinical and laboratory data 
pertaining to these patients is presented in 
Table I. The patients were military personnel 
or their dependents between 15 and 25 years 
old. The specimens for this study were ob- 
tained 6-17 days after onset of illness. All 
patients were febrile, had exudative pharyng- 
itis and enlargement of the cervical lymphno- 
des. All except 3 patients had varying degrees 
of splenomegaly. The course of illness was 
uneventful in all except patient no. 2.  This 
patient remained febrile, developed a macu- 
lopapular skin eruption 1 0  days after onset of 
illness and showed signs of liver involve- 
ment. He developed severe thrombocytopenia 
and lekopenia and expired on day 22 of 
illness. 

Lymphocytosis with many atypical mo- 
nonuclear cells and a positive Davidsohn test 
for heterophile antibodies were found in all 
cases. Several patients had elevated serum 
transaminase levels and all except patient no. 
16 had CF antibodies to EBV a t  the time 
when the blood samples were obtained. 

Detection of EBV in leukocyte cultures. 
Cultures of buffy coat cells were initiated 
from all but patients nos. 2, 3, 5, and 11. 
Leukocytes growing in continuous culture 
were successfully established from 5 of 7 pa- 
tients (8, 9, 13, 15, 1 7 )  within 18-26 days 
after initiation. 

Each of these established cell lines con- 
tained from 0.5-2% of IF positive cells. In 
no instance could we detect IF positive cells 
in preparations of fresh buffy coat cells. 

Attempts to isolate EBV from pharyngeal 
washing and plasma pellets. The NHDL3 
cells inoculated with pharyngeal washing or 
suspensions of pellets of patient's plasma 
were maintained for 2-3-month periods. 
Weekly IF tests failed to reveal the presence 
of cells containing EBV antigens. Electronmi- 
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TABLE 11. Appearance of Heterophile and EBV Antibodies in Rhesus Monkeys Inoculated 
with Plasma and Leukocytes of Infectious Mononucleosis Patients. 

Patient's antibodies Antibodies in monkeys 

Rhesus Inoculuni Postinoc. 
monkey no. C ~ C  no. HcterophileO EBV (days) Hcterophile" EBV 

B 1576 5 896 217 0 
5 

12 
19 

B 2009 5 896 217 0 
5 

12 
19 

B 1421 8 358.1 270 0 
5 

12 
19 

<3.5 
28 
14 

<3.5 

<3.5 
2s 

7 
<3.5 

<3.5 
56 
28 
<3.5 

" After guinea pig kidney absorption. 

croscopic examinations of representative sam- 
ples were uniformly negative. 

Animal transmission experiments. A total 
of 1 2  adult and 4 baby rhesus monkeys and 6 
marmosets were inoculated with freshly ob- 
tained buffy coat cells suspended in 5 ml of 
patient's plasma (patients 2-8) or in 5 ml of 
serum-free medium (patients 9-17). In most 
instances the cells were inoculated either into 
1 rhesus monkey or 1 marmoset. When 
sufficient numbers of cells were available 2 
animals were inoculated. The established leu- 
kocyte cells of patients nos. 9 and 13 were 
inoculated intravenously each into one 
2-3-week-old rhesus monkey at  a concentra- 
tion of 2 0 0  X lou cells in 2.5 ml of serum-free 
medium. None of these animals developed 
lymphadenopathy or splenomegaly or any de- 
tectable signs of illness and no significant 
hematological changes were observed during 
a 2-month period of observation. None of the 
sera obtained at  weekly (rhesus) or bimon- 
thly (marmoset) intervals contained detecta- 
ble heterophile or EBV antibodies with the 
exception of 3 rhesus monkeys each of which 
had received 100-200 X lo6 buffy coat cells 
suspended in 5 ml of homologous plasma. As 
shown in Table I1 both of the donor patients 
had relatively high levels of heterophile and 
EBV antibodies in their plasma. Low titers of 

both antibodies appeared within 5 days after 
inoculation and disappeared in about 2 
weeks. The early, transient appearance of 
these antibodies suggests a passive transfer 
rather than active immune response. At- 
tempts to establish cultures of buffy coat 
cells from exsanguinated animals were unsuc- 
cess f ul . 

Discussion. The experiments described 
here were initiated on the premise that EBV 
or a closely related virus is etiologically 
related to infectious mononucleosis in man. 
All animals selected for these transmission 
experiments were free of detectable CF anti- 
bodies to EBV and were therefore considered 
potentially susceptible to EBV infection. 
None of the inoculated monkeys in these 
experiments showed significant serological ev- 
idence of EBV infection nor did they develop 
any detectable signs of illness or significant 
hematological and gross pathological changes. 
Several factors could account for these nega- 
t ive results : 

( i )  Rhesus monkeys and marmosets may 
be resistant to experimental EBV infection or 
may carry other agents capable of interfer- 
ing with EBV multiplication. Our previous 
studies ( 6 )  indicated that many nonhuman 
primates show serological evidence of infec- 
tion with viruses antigenically closely related 
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to EBV. Henle and Henle (10) failed to 
detect antibodies to EBV in simians by in- 
direct immunofluorescence tests but subse- 
quently, Landon et d. (1 1) demonstrated the 
presence of herpes-like viruses related to 
EBV in leukocyte cultures of normal chim- 
panzees. Recent evidence indicated that these 
infections occur in nature and are main- 
tained enzootically (12). I t  is likely that the 
herpes-like viruses may consist of a group of 
antigenically related agents exhibiting the 
narrow species specificity characteristic of the 
herpes virus group. 

(ii) The inocula may contain insufficient 
amounts of infectious virus. All blood sam- 
ples used for experimental transmission were 
obtained during the acute, febrile stage of 
illness when relatively high levels of circulat- 
ing EBV antibodies were present in all pa- 
tients with the exception of patient no. 16 
whose specimen was collected on day 6 of 
illness. The consistent failure to detect EBV 
antigen by immunofluorescence tests in fresh- 
ly isolated buffy. coat cells of the patients in 
this study suggests that the quantity of com- 
plete EBV particles associated with peripher- 
al leukocytes is below detectable levels dur- 
ing the acute stage of illness. Failure to re- 
spond to inoculation of cultured leukocytes of 
patients 9 and 13 may reflect the low levels 
of infectious EBV in these cells. 

(iii) The intravenous route of infection 
employed in most cases may not be optimal. 
However, negative results were obtained also 
in 2 cases of nasal, oral, and intraperitoneal 
inoculation of marmosets. 

(iv) Successful transmission of EBV infec- 
tion to simians may not produce detectable 
signs of illness or development of heterophile 
antibodies. Nonhuman primates may either 
lack the clones of cells participating in the 
production of these macroglobulins or, if 
present, may not respond to the antigenic 
stimulation. 

(v) The relationship, if any, of EBV to the 
pathogenesis of IM may involve the partici- 
pation of other unknown factors, since the 
evidence for its possible etiologic role is 
based primarily on serological findings. 

Our failure to isolate EBV from the throats 
of patients with IM may be due to insuffici- 

ent amounts of virus shed during the acute 
phase of illness. The NHDL3 cells employed 
in the isolation experiments appear to be po- 
tentially susceptible to EBV infection as de- 
termined in preliminary tests with concen- 
trated preparations of EBV derived from a 
Burkitt lymphoma cell line. 

Summary. Buffy coat cells obtained from 
the blood of 11 patients with infectious 
monucleosis were inoculated into selected 
rhesus monkeys and marmosets. These monk- 
eys were free of detectable complement-fixing 
antibodies to a herpes-like virus (EBV) con- 
sidered to be etiologically related to infec- 
tious mononucleosis. None of the inoculated 
animals developed detectable illness, or he- 
matological and serological changes. Attempts 
to isolate a viral agent from the throats of 
the 11 patients in cultures of human leu- 
kocytes were unsuccessful. 

We gratefully acknowledge the excellent cooper- 
ation of Colonel Andre Ognibene, Chief of Medicine, 
Kimbrough Hospital and Colonel Forrest Pitts, 
Chief of Medicine, Walter Reed General Hospital. 

The inoculations, blood counts and autopsies of 
monkeys was performed by Bionetics Research La- 
boratories under contract P H  43-67-661. Electron- 
microscopy was carried out by Dr. J. Monroe, John 
L. Smith Memorial for Cancer Research, under con- 
tract P H  43-66-98. Both contracts are from the 
Special Virus Leukemia Program of the National 
Cancer Institute. 

From the Bureau of Medicine and Surgery, Depart- 
ment of the Navy, Research Task MR005.09.0008. 

The opinions or assertions contained herein are 
those of the authors and are not to be construed as 
official or reflecting the views of the Navy Depart- 
ment or the Naval service at  large. 

The experiments reported herein were conducted 
according to the principles enunciated in “Guide for 
Laboratory Animal Facilities and Care,” prepared by 
the Committee on the Guide for Laboratory 
Animal Resources, National Academy of Sciences, 
Nation.al Research Council. 

Requests for reprints should be addressed to Paul 
Gerber, National Inst. of Health, Division of Biolog- 
ics Standards, Bethesda, Maryland 20014. 

~~ 

1. Sohier, R., Lepine, P., and Sautter, V., Ann. 

2. Wising, P. J., Acta Med. Scand., Suppl. 133, 1 

3. Henle, G., Henle, W., and Diehl, V., Proc. Natl. 

Inst. Pasteur 65, 1 (1940). 

(1942). 

Acad. Si. US. 59,94 (1968). 



CONVULSIONS AND SERUM CHOLESTEROL 19 

4. Niederman, J. C., McCollum, R. W., Henle, G., 
and Henle, W., J. Am. Med. Assoc. 203, 205 
(1968). 

5. Gerber, P., Hamre, D., Moy, R., and 
Rosenblum, E. N., Science 161, 173 (1968). 
6. Gerber, P. and Birch, S. M., Proc. Natl. Acad. 

Sci. U.S. 58, 478 (1967). 
7. Moore, G. E., Gerner, R. E., and Franklin, H. 

A., J. Am. Med. Assoc. 199,519 (1967). 
8. Gerber, P. and Monroe, J., J. Nat. Cancer 

Inst. 40, 855 (1968). 
9. Davidsohn, I. J., J. Am, Med. Assoc. 108, 289 

(1937). 
10. Henle, G. and Henle, W., Cancer Res. 27, 2442 

(1967). 
11. Landon, J. C., Ellis, L. B., Zeve, V. H., and 

Fabrizio, D. P., J. Natl. Cancer Inst. 40, 181 (1968). 
12. Gerber, P. and Rosenblum, E. N., Proc. 

SOC. Exptl. Biol. Med. 128,541 (1968). 
Received Sept. 4, 1968. P.S.E.B.M., 1969, Vol. 130. 

Effect of Electroshock and Pentamethylenetetrazol on Serum 
Cholesterol Levels in Monkeys" (33479) 

GEORGE J. ALEXANDER, LENORE M. KOPELOFF AND REGINALD M. TAYLOR 
N e w  York State Psychiatric Institute, New York, N e w  York 10032 

Apparent increases in serum constituents 
including cholesterol were previously report- 
ed to follow immediately after electroshock 
treatment (1, 2). A change in circulating 
blood volume was postulated as an explana- 
tion for these phenomena. 

In previous studies we found that penta- 
methylenetetrazol (Metrazol) can lower 
serum cholesterol levels in mice (3) and in 
monkeys (4) as well as inhibit cholesterol 
synthesis in isolated mouse cells in vitro ( 5 ) .  
In untreated monkeys weekly fluctuations in 
cholesterol expressed as mg/100 ml of serum 
were greatly minimized when recalculated as 
mg/lO g of serum solids, thereby eliminating 
apparent changes which were due to varia- 
tions in serum water content (6 ) .  

In the present study convulsive seizures 
were induced in monkeys by electroshock as 
well as by parenteral Metrazol and changes 
in serum solids and cholesterol were com- 
pared to ascertain whether these altered val- 
ues were due to bona fide changes in choles- 
terol metabolism in the organism or merely to 
changes in serum water content. 

Methods. Twenty-two M .  mulatta 3-6 kg, 
including 19 males and 3 females, were main- 
tained on a standard diet consisting of bread, 
lettuce, and bananas offered at  4 p.m. Ani- 

*Aided by Grants NB06298 and NH00875 from 
the National Institute of Neurological Diseases and 
Blindness, Bethesda, Maryland 20014. 

mals were caught by net and 1.5 ml of blood 
was obtained from the saphenous vein. All 
bleedings took place prior to feeding. Total 
and free serum cholesterol, serum solids, he- 
matocrit, and proteins were determined as 
previously described (4) .  Animals were 
grouped according to body weight, and pro- 
cessed without knowledge of their initial 
cholesterol levels until after termination of 
the experiment. 

For inducing electroshock seizures unilater- 
al rectangular pulses of 0.3-msec duration, 
pulse repetition frequency of 120/sec for 1.3 
sec were used. The preset current varied from 
lUmA average a t  1710 m,A peak to 18 mA 
average at  300 mA peak. Convulsive or sub- 
convulsive doses of pentamethylenetetrazol 
were administered as 10% Metrazol in- 
tramuscularly in dosages of 40-48 mg/kg. 

In the first group of 7 monkeys, 2 received 
electroshock seizures, one received a convul- 
sive dose of Metrazol (48 mg/kg), one re- 
ceived a subconvulsive dose of Metrazol (40 
mg/kg) , and 3 were injected with physiologi- 
cal saline i.m. to serve as controls. All monk- 
eys were bled immediately prior to treat- 
ment. In the 3 monkeys in which seizures 
occurred, the first posttreatment sample was 
drawn 3 min after termination of the convul- 
sion (which was 10 min after injection). 

In  a second group of 14 monkeys, 7 re- 
ceived a single subconvulsive dose of Metra- 


