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to weaning were fed rations high in carbohy- 
drate, fat, protein, and protein and fat with 
and without Vit. €312. 2 )  The greatest degree 
of deficiency was consistently observed in 
rats on high protein and high protein-high fat 
rations. Since Vit. BI2  increased ability of 
rats to utilize excess protein, one of the im- 
portant functions of this vitamin appears to 
be the metabolism of excess amino acids for 
non-protein functions. 3 )  Differences in 
growth on various diets, however, may be due 
to degree of intestinal synthesis of Vit. BI2 
and extent of coprophagy. 
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Cytopathogenic Effects of Hemadsorption Virus Type I." (24207) 

R. Q. MARS TON^ 
Medical College of Virgina, Richmond 

Several viruses causing human disease in- 
duce formation of large multinucleated cells 
in tissue culture preparations. These include 
measles ( 1 ) , mumps ( 2 ) , croup associated vi- 
rus(3-4), and 2 recently described myxo- 
viruses. Chanock, e t  aZ.(5), have termed 
these latter hemadsorption viruses Types I 
and IT. They were isolated from children 
with respiratory illnesses and appear distinct 
from previously described viruses. Attention 
was called to the fact that hemadsorption vi- 
rus Type I has been isolated from uninocu- 
lated HeLa cell cultures. The unique cyto- 
pathogenic changes caused by this virus in 
HeLa cell cultures have been followed by 
time-lapse phase-contrast cinemicrography . 

Materials and methods.  Hemadsorption 
virus Type I (Mill's strain) was obtained 
from Dr. Wallace Rowe following its isolation 
from uninoculated HeLa cultures. The virus 
pool for these studies was second passage 
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LoHiS virus titering approximately lo5 
T.C.D.so per ml. Photographic chambers 
were constructed by attaching #1 cover slips 
on each side of perforated stainless steel slides. 
The top cover slip was placed slightly eccen- 
trically, leaving a small opening at one edge 
for access to the chamber. This was subse- 
quently sealed with a drop of paraffin. A 
suspension of small clumps of HeLa cells 
in Eagle's basal medium, 5% calf serum, 5% 
cord serum, penicillin 100 units and strepto- 
mycin 100 pg/ml, was introduced into the 
chamber which was then sealed and inverted 
until cell attachment occurred. These prepa- 
rations were carried on growth medium until 
colonies reached optimal size for photography, 
a t  which time the growth medium was re- 
moved, the cells washed twice with buffered 

S Designates a stable cell line established from ex- 
plants of a lymph node from patient with rheuma- 
toid arthritis. The strain grows on glass in an epi- 
theloid pattern with a mean generation time of 24 
hours. The viral spectrum is similar to that of HeLa. 
Tumors have been produced by inoculation of ir- 
radiated cortisone treated mice. 
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salt solution. and the chamber inoculated with 
0.1 ml of virus in 0.4 ml medium consisting of 
78% Medium 199. 20% trytose phosphate. 
2% calf serum. penicillin 100 units and 
streptomycin 100 p g  ’ml. C‘ytopathogenic 
changes were documented through an incu- 
bated phase-contrast microscope by intermit- 
tent photography at  a speed of 4 frames min- 
ute. Stained cultures were prepared by the 
colloidian membrane technic ( 1 1. 

Resirits. Detectable changes occurred ap- 
proximately 1 2  hours after inoculation al- 
though the time of initiation of changes in 

different preparations and in different colonies 
in the same chamber was variable. Early 
changes consisted of appearance of multinu- 
cleated cells which, through a process of coal- 
escence of cytoplasm of adjacent cells, in- 
creased rapidly in size until hundreds of nu- 
clei were included in a single cell (Fig. 1). 
,4n example of fusion of 2 cells is shown in 
Fig. 2. After a few hours the central area 
of many lesions detached from the glass and 
fell away into the medium leaving, characteris- 
tically. a hole lined by a syncytial-like layer 
of cells (Fig. 3 ) .  During 1 2  to approxi- 

FIG. 2. Excerpts froiii inotion picture rrcoril of HeLa cell fusion. Ten min. intcrval between 
frames. Frame I-Arrows point to nuclei of 2 separ:rte cells. Frame 2-Fusion has started at 
lower right border. Fraine 3-Completc fusion. Frame 4-S~uclei have drifted apart. Living 

image. X 320. 
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FIG. 3. H c h  culture 48 lir after infection with 
1ieniadsoq)tion virus Type I. Heniatosylin and eo- 

sin. X 60. 

mately 36 hours after infection when the 
marked cytoplasmic membrane changes were 
occurring, there was striking lack of morpho- 
logical change in other organellae of the cells. 
The nuclei maintained their intesrity and mo- 
tility, including the rotary motion frequently 
seen in HeLa cells. Mitochondria similarly 
continued to exhibit essentially normal mo- 
tility and morphology. Some decrease in nu- 
clear size did occur late in the infection but 
by this time, distortion of the whole culture 
made further evaluation difficult or impos- 
sible. 

We have not observed nuclear division in 
the absence of cytoplasmic division, although 
under low power several hundred nuclei in a 
single cell can be followed for many hours. 
It is quite possible that this process may oc- 
cur, but our studies clearly rule it out as a 
major process in the development of the large 
multinucleated cells characteristic of infec- 
tion with this virus. Mitoses within the de- 
veloping multinucleated cells similarly have 
not been observed, but normal mitoses imme- 
diately adjacent to the developing lesion have 
been photographed and have been seen fre- 
quently in stained preparations. 

Since the virus which we used had been 
isolated from presumably uninoculated He1,a 

cultures, and since both giant cells and multi- 
nucleated cells are seen in stock HeLa cul- 
tures, the possibility that these represented a 
limited viral effect was considered. However, 
on several occasions we have apparently mis- 
taken such cells for early viral lesions and 
photographed them for hours with no evi- 
dence of progression, although progressive 
changes were occurring in other areas of the 
culture. 

Discussion. Enders( 6) noted that after 
inoculation of tissue culture preparations with 
measles virus, the appearance of multinu- 
cleated cells precedes by many days the pro- 
duction of inclusion bodies or other changes, 
and postulated that multinuclearity in this 
instance is due to coalescence of the cyto- 
plasm of adjacent cells. Chanock(3) has de- 
scribed changes in croup associated virus in- 
oculated cells quite similar to those described 
here. Henle et  a L ( 2 )  have shown that cell 
fusion is the process responsible for multi- 
nuclearity in mumps infected cultures and 
postulates a relation between hemolytic and 
“~ytolytic’~ properties of munips virus. 
Hemadsorption virus Type I may cause he- 
molysis of red cells, but whether the remark- 
able effects on HeLa cell membranes is due to 
this property or to impairment of cellular 
mechanisms responsible for maintainance of 
membrane integrity is unknown. 

Summary. Cytopathogenic effects of 
hemadsorption virus Type I in HeLa cells as 
studied by time-lapse phase-contrast cinemi- 
crography and by colloidian membrane prepa- 
rations have been described. The cytopathic 
changes are characterized by formation of 
large multinucleated cells followed by focal 
loss of cells leaving multiple holes in the cell 
sheet. Coalescence of the cytoplasm of adja- 
cent cells precedes marked alteration of intra- 
cellular organellae by many hours. 
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Studies on Chloride of Bone in C a t  a n d  Rat.* (24208) 

CHARLES C. LOBECK+ (Introduced by Gilbert B. Forbes) 
D e p t .  o! Pediatrics, Cwiversity o! Rochester,  School of Mediciize and Dentistry, Rochester, N .  Y.  

The chloride space. calculated from values 
for 1)one chloride content. is frequently used 
as a measure of extracellular fluid volume of 
bone. C'se of this calculation rests on the as- 
sumption that chloride is not located in cell.; 
or on crystals but solely in extracellular fluid. 
However, it has been observed by Xichols and 
Nichols( 1 ) in dogs and by ourselves in rats. 
that the chloride space is often greater than 
one would expect if total bone water content 
was extracellular fluid. This discrepancy is 
complicated by the difficulties of chloride 
analysis in a tissue that contains small 
amounts of chloride with the possibility of 
associated errors due to blood content of cor- 
tical bone or contamination of bone samples 
with marrow and blood. 

The purpose of this paper is to present the 
results, in cats and rats, of an accurate method 
of chloride analysis for cortical bone. Vse was 
made of Brh2 to determine eschangeability of 
the chloride and as a check on the accuracy of 
chloride analysis. C'r.;' labeled red cells were 
also used to determine contributions made by 
blood content of bone to its water and chlor- 
ide content. 

Procedure. Cats of varying weights but un- 
known ages were anesthetized with Dial with 
Crethane (Ciba) injected intra-abdominally. 
I'enesections were made in both saphenous 
veins. A solution of KBrq2t in normal 
saline and a suspension of Cr;' labeled red 
cells were injected into one saphenous vein by 
the method of Barnett and Fellers( 2 ) ,  using 
a maximum of 8 ml of normal saline as wash 

* Suppcrtcd by Atomic Encrgy Corn. contract and 
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solution. The other venesection was used 
solely for withdrawal of samples. Previously 
an aliquot of the KBrS2 solution had been re- 
moved for counting as a standard, leaving 10 
pc to be injected. The Cr5' labeled cell sus- 
pension was prepared by withdrawing 3 ml of 
hlood and incubating it for 30 minutes a t  
room temperature with approximately 100 pc 
of Cr.71 in the form of Na2Cr20i.!z Red cells 
were washed 3 times with normal saline, re- 
constituted to original volume, an aliquot re- 
moved for counting as a standard and the re- 
maining cell suspension injected into the cat. 
Two hours were allowed for equilibration of 
both isotopes, since previously determined 
disappearance curves of both K B F  and 
Cr"' labeled red cells, injected intrave- 
nously. reached a constant slope by 2 
hours after injection. At the end of this pe- 
riod, blood was withdrawn for counting and 
analysis. At the same time the blood supply 
of left upper extremity was occluded with a 
tourniquet and the limb amputated at  elbow. 
The radius and ulna were dissected free, the 
periosteum removed by scraping and the mar- 
row blown out with compressed air. The bone 
was then broken into small pieces, cleaned of 
remaining marrow by blotting with filter pa- 
per. placed in a tared vial and weighed im- 
mediately. For determination of chloride 
content of rat bone: groups of Holtzman rats 
of known ages were exsanguinated after ether 
anesthesia. All long bones of young rats were 
removed but, in older animals, only the right 
upper and lower extremities were taken. Be- 
fore weighing in tared bottles, the bones were 
cleaned using the same procedure as for cat 
bone. 

d Rachromate, Abbott. 


