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represents a denatured lipoprotein, the pos- 
sibility of its precipitation in vivo must be 
considered. Such denatured proteins might 
alter vascular permeability as well as all mem- 
brane permeability. 

With the exception of the persistence of the 
beta lipoprotein positioned curve in the ex- 
perimental sera, which presumably accounts 
for the increase in the beta globulin fraction 
previously reported in this condition, the re- 
mainder of the immunophoretic pattern re- 
mains like that found in normal sera. The 
previously observed decrease in albumin in 
chronic E-deficient chicks is not reflected in 
these tests, which are qualitative, not quan- 
titative. The unusual appearance of the 7s 
gamma globulin curve in some experimental 
preparations is not explained. 

Clinical findings of retarded growth, feather 
development and other skin changes are ex- 
pression of the lack of vit E in the diet. This 
vitamin has a definitive growth promotion 
factor. In  addition, it facilitates the use of 
vit A which, even though present to excess 
in the diet, is apparently insufficiently uti- 
lized, as evidenced by the skin changes. 

Summary and conclusions. 1. Eleven one- 
day-old chickens were placed on diets defi- 
cient in vitamin E or any synthetic antioxi- 
dant and on sulfur amino acids. Eight chick- 
ens of the same hatch were kept on normal 
stock diets for comparison. All of the experi- 
mental chickens developed paralyses of breast 

muscles, and weakness of leg muscles in from 
6 to 8 weeks. Normal chickens were free 
from symptoms. Both sets of chickens were 
sacrificed a t  the same time. Blood sera, ob- 
tained by cardiac puncture, were examined 
by immunophoresis, using an ti-chicken serum 
antibodies in rabbit serum. 2. Significant im- 
munophoretic finding was the persistence of a 
precipitation curve in the beta lipoprotein 
mobility range in sera of experimental chick- 
ens, which is normally not found in chickens 
of the same age. The remainder of the im- 
munophoretic preparations pattern was alike 
in experimental and normal sera. 3. Inter- 
pretation of the altered serum protein in 
chronic vit E-deficient chickens is discussed 
in terms of altered lipid metabolism. 
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Stimulation of DNA Synthesis in Human and Hamster Cells by 
Human Adenovirus Types 12 and 5." (31241) 
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Division of Experimental Biology, Baylor University College o j Medicine, Houston, Texas  

Human adenovirus type 12 was found to 
be oncogenic for newborn hamsters( 1) ,  and 
transformation of hamster cells was reported 
following exposure to this virus in vitro (2,3). 
Transformation in vitro has been much more 
difficult to obtain with adeno-12 virus than 
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with polyoma virus and SV40 virus. The na- 
ture of the association between polyoma virus 
and hamster cells has been studied by several 
authors. Hamster fibroblasts, including the 
stable line BHK 21, show little or no degen- 
eration, but a proportion of the celIs undergo 
neoplastic transformation (4).  Fraser and 
Gharpure ( 5)  have shown by immunofluores- 
cence that virus antigens persist in the BHK 
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2 1 cells through several divisions. Bourgaux 
(6) , using radioactive polyoma virus, re- 
ported that most of the radioactivity remain- 
ing acid insoluble was lost from the cytoplasm 
by rejection into the medium and by associ- 
ation with the nuclear fraction and that the 
nuclear associated radioactivity remained 
constant for 4 to 6 days. I t  was previously 
reported that in hamster cells infected with 
adeno-12 virus, production of neither mature 
virus ( 7 )  nor virion structural antigen (8) 
took place. The present study was under- 
taken to investigate the interaction between 
hamster cells and adeno-12 virus using radio- 
autography of thymidine-H3 ( TD,-H3). 
Adeno-5 virus, which does replicate in ham- 
ster cells and has been presumed nontumori- 
genic, was also employed as an aid to clarify 
the action of adeno-12 virus. 

Materials and methods. Virus. Prototype 
adeno-5 and adeno-12 viruses passaged in hu- 
man KB cells in this laboratory were used. 
Stock virus was prepared by homogenizing 
infected KB cells in Eagle’s medium, and by 
centrifugation to clarify. The titers of stock 
virus were 105.0 PFU per ml in KB cells for 
adeno-5 virus, and 107.5 TCIDso per ml in 
human embryonic kidney cells for adeno- 12 
virus. For all experiments, virus su,spension 
was treated with an equal volume of crystal- 
line trypsin in phosphate buffered saline 
(PBS) (0.2570) for 30 minutes a t  37°C to 
inactivate soluble toxin. Trypsin action was 
stopped by an equal amount of soybean tryp- 
sin inhibitor (0.2 5 % in PBS solution). 

Primary Syrian hamster cell cultures. 
“Whole” embryonic cell cultures were pre- 
pared by mincing and trypsinization of em- 
bryos from which the head and legs were first 
removed. “Newborn” kidney cell cultures 
were prepared by mincing and trypsinization 
of kidneys removed from 24- to 72-hour-old 
hamsters. In either case, trypsinized cells 
were dispensed into petri dishes (60 mm) 
containing coverslips. 

All cultures were grown and maintained in 
Eagle’s medium supplemented with 10% calf 
serum. After infection calf serum was re- 
placed by 5% agammaglobulin calf serum. 

Experimental procedure. Two sets of cell 
cultures were prepared in each series of ex- 

periments, one for radioautographic study 
and another for hematoxylin-eosin staining. 
After a monolayer had formed, the medium 
was removed, 1 ml of virus suspension was 
added and the cells incubated for 2 hours a t  
37°C to permit virus adsorption. Then the 
inoculum was discarded, the cells washed 
twice with PBS and 5 ml of fresh medium 
were added. Input multiplicity was approxi- 
mately 10 to 20 PFU/cell for adeno-5 infec- 
tion and 3 to 7 TCID5,,/cell for adeno-12 in- 
fection. 

For radioautography, 5 ml of Eagle’s medi- 
um containing H3-thymidine ( 1.2 pc/ml) 
were introduced into each petri dish at  the 
indicated times after discarding the old medi- 
um. The cultures were incubated a t  37°C 
for 1 hour with agitation every 5 minutes. 
Then coverslips were rinsed 3 times with cold 
PBS and fixed with Bouin’s solution. After 
washing with 70% ethanol, coverslips were 
air-dried and put in 0.2 N HC104 solution 
for 60 minutes at  4°C to remove acid-soluble 
fraction and washed thoroughly with water. 
Eastman Kodak NTB 2 emulsion was applied 
for radioautography according to the dipping 
method of Kato et aZ( 9).  Exposure time was 
usually 5 days in the refrigerator, with silica 
gel as a drying agent. After development the 
cells were stained with hematoxylin-eosin. 
Control uninfected cultures were subjected to 
the same procedure except for the addition of 
virus suspension. 

Results. TD,-H3 uptake of infected KB 
cells. The growth of adeno-5( 101) and adeno- 
12 viruses(7) in HeLa monolayer cells was 
investigated by Wilcox et al and Kitamura et 
al. In our experiments, the time course of 
growth of either virus in KB monolayer cells 
was essentially the same as that in HeLa 
cells, requiring 36 hours and 48 hours for one 
growth cycle of adeno-5 and adeno-12 virus, 
respectively. Two-day-old KB cell cultures 
were infected with either adeno-5 or adeno- 
12. At 14 to 15  hours post-infection (PI) 95 
and 68% of the cells became labelled in 
adeno-5 and adeno- 12 infection, respectively, 
while only 29% o’f uninfected control cells 
became labelled (Table I).  However, analy- 
sis of distribution of grain numbers per la- 
belled cell showed that while control cells 
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TABLE I. Tliyniiiline-H3 ( lWr-€P) Upt,nkc hy h1oirol:iger Cl\iltriws of 1Iuiii:iii KB Cells (Radio-  
autography). 

Uninf ected 
A den o - 5 i n f r c t e d Adeno-12 infected 1 I r post-infection 

beforo adding % CellsQ % C:C~llS" % C'ells~ yo Cells" % c'clls" 
TI),-H3 for  1 hr labelled labelled with inclusions labcllcd with iiiclusioiis 

14 29.0 
24 38.1 
36 ND t 
48 ND 

95.3 7 
97.1 99 
XD ND 
N 1) m 

68.0 0 
81.0 0 
ND i2 
N 1) 89 

* 1000 cells were exaiiiiricd in each sztnple. 

were for the most part heavily labelled, in- 
fected cells were rather lightly labelled (Fig. 
1 ) . The trend was the same a t  24 to 25 hours 
PI. The percentage of cells with typical nu- 
clear inclusions was 99 for adeno-5 a t  24 to 
25 hours PI, and 89 for adeno-12 a t  48 to 49 
hours PI indicating the high multiplicity of 
infection in this experiment. The location of 
incorporated TD,-H3 in the nuclei was close- 
ly associated with the viral inclusion bodies 
(Fig. 2, 3 ) .  

TD,-H3 uptake of infected hamster new- 
born kidney cells. The growth of adeno-5 
virus in cultures of newborn hamster kidney 
and of hamster embryo cells is shown in Fig. 
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FIG. 1. Disltribvtion of silver grain numbers in 
monolayer culmtures of human KB cells (radioautog- 
raphy 1 - 

t Not, tlone. 

4. The growth cycle is not significantly dif- 
ferent from that in KB cells. In contrast 
adeno-12 virus, which has a similar growth 
cycle in human cells, does not replicate infec- 
tious virus( 7 )  in hamster cells. When 5-day- 
cultured newborn hamster kidney cells, com- 
posed predominantly of epithelial cells, were 
infected with adeno-5 or adeno-12 virus, both 
the percentage of labelled cells and the in- 
tensity of labelling increased significantly as 
compared with uninfected control cell cultures 
(Table I1 and Fig. 5).  

The mitotic index decreased after infection 
with either virus. In  adeno-5 infection, typi- 
cal intranuclear viral inclusion bodies were 
found, mostly in epithelial cells, amounting 
to 90% of the total cells at 36 to 37 hours 
PI. The location of incorporated TD,-H3 in 
the nuclei was again closely associated with 
the inclusion bodies, just as in KB cells. No 
inclusion bodies were formed in the adeno-12- 
infected hamster kidney cultures. 

TD,-H3 uptake of hamster embryonic cells. 
Four-day-old cultures of hamster embryo 
cells, composed predominantly of fibroblastic 
cells with a small fraction of epithelial cells, 
were infected with adeno-5 or adeno-12 virus. 
Characteristic intranuclear inclusion bodies 
of adeno-5 virus were found mostly in the 
epithelial cells, so that only 7.7% or less of 
the total cells formed inclusion bodies (Table 
111). This together with the data of Table I1 
indicates that fibroblastic cells are far less 
susceptible to adeno-5 virus, and probably to 
adeno-12 virus, than are epithelial cells. The 
percentage of labelled cells increased only 
slightly following infection with either virus, 
as compared to hamster kidney cultures, 
probably due to lower susceptibility of the 
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FIG. 4. Growth of adeno-5 virus in newborn 

hamster kidney cell culture and whole hamster em- 
bryo cell culture. One ml aliquots of adeno-5 virus 
suspension were inoculated into 2 oz bottle cultures 
of hamster kidney cells or whole embryo cells (input 
multiplicity 10-20). i\fter adsorption time of 2 hr, 
cell sheet was washed 3 times with PBS and 5 ml 
of fresh medium added. At indicated time, cells 
were harvested, lysed by freezing and thawing 6 
times and assayed for infectivity by plaque method 
in KB cells. 

predominantly fibroblastic cells of the ham- 
ster embryo cultures. 

Discussion. Despite much effort by many 
investigators, the mechanism of cell transfor- 
mation by tumorigenic viruses has not been 
fully clarified. The present study revealed 
that, whereas production of neither mature 
virus nor virion structural antigen has been 
reported, approximately one-third of the 
hamster kidney cells are susceptible to adeno- 
12 virus infection, as indicated by increased 
DNA synthesis. This together with the facts 
that adeno-12 induces malignant transforma- 
tion in hamster cells, and that the type speci- 
fic, complement fixing adenovirus C antigen 
is produced in these tumor cells( 11) indi- 
cates that adeno-12 is indeed infectious for 
hamster cells, but has an incomplete growth 
cycle therein. In the case of adeno-5 infec- 
tion, most of the epithelial cells are suscep- 
tible to this virus, and the increased DNA 
synthesis is more striking. 

In contrast to the susceptibility of the epi- 
thelial cells of either hamster kidney cultures 
or hamster embryo cultures, the predominant- 
ly fibroblastic cells of hamster embryo cul- 
tures were relatively less susceptible to the 
thymidine-H3 uptake stimulating effect of 
adeno-5 and adeno-12, and to intranuclear in- 
clusion formation by adeno-5. Whereas ma- 

Adeno 12 
infected 

lignant transformation of newborn hamster 
cells by adeno-12 virus is much more difficult 
to achieve in vitvu than in z h m ,  it may be 
significant that what success has been 
achieved in vitro has been largely with ham- 
ster kidney cells(2,3,12). In only one in- 
stance has a hamster embryo cell culture 
been reported to give transformation ( 12). 
The tumors formed by adeno-12 in vivo are 
usually undifferentiated and of undetermined 
histogenesis, although they have sometimes 
been referred to as sarcoma( l ) ,  and as hav- 
ing epithelioid characteristics ( 13), or as be- 
ing lymphosarcoma resembling a reticulosar- 
coma( 14). Tumors are invariably formed a t  
any site of injection in the newborn hamster 
so that the cell of origin must be widespread 
(1 5 ) .  The only remote primary tumors have 
been in the liver ( 15).  The present studies and 
in vitro transformation studies( 12),  suggest 
that an epithelioid cell may more likely be 
the cell of origin than a fibroblastic cell. A 
careful study of early histogenesis failed to 
reveal conclusively a cell type of origin but 
suggested possible mesothelial origin in some 
cases ( 16).  
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FIG. 5 .  Distribution of silver grain numbers in 
monolayer cultures of newborn hamster kidney cells, 
(radioautography) . 
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TABLE 11. Thymicline-H3 ( TDr-H3) TJptake by Monolayer Cultures of Newborn Hamster Kidney Cells 
(Radioautography) . 

Hr post-in- Uniiifected controls Adeno-5 infected Adeno-12 infected 
f ection be- 

fore adding % Cells" % Cells:: 
TD,-H3 % Cells" Mitotic" % Cells" Mitotic" with % Cells" Mitotic" with 
f o r  1 h r  labelled index labelled index inclusions labelled index inclusioii s 

14 7.0 .5 49.9 0 0 24.8 0 0 
24 9.7 .5 84.8 .U 31 37.0 .3 0 
36 12.4 .4 88.0 0 90.4 25.2 0 0 
48 7.0 NDt 60.2 ND ND 25.2 ND 0 
60 1.3 ND 50.0 ND ND 10.9 ND 0 

9 

* 1000 cells were examined in each sample. t Not done. 

TABLE 111. Thytniciinc-H3 ( TD,-H3) Uptake by Monolayer Cultures of Hamster Embryo Cells 
(Radioautography). 

Uninf ected 
Adeno-5 infected Adeno-12 infected I I ~  post-infection col?trol 

before adding % Cells* % Cells" % Cells" yo Cells" % Cells* 
TI),-H3 f o r  1 hr labelled labelled with inclusions labelled with inclusions 

14 31.2 42.6 0 44.7 0 
18 22.4 28.7 0 31.1 0 
24 17.0 25.5 5.8 26.3 0 
36 10.0 29.3 7.7 10.9 0 
48 7.0 28.6 5.5 9.3 0 

* 1000 cells were examined in  each sample. 

The present study does not permit a defini- 
tive conclusion as to whether the enhanced 
incorporation of TD,-H3 in either adeno-5 or 
adeno-12 infection was caused by viral DNA 
synthesis or by chromosomal (cellular) DNA 
synthesis. However, the facts that the mi- 
totic index decreased after either adenom-5 or 
adeno-12 infection and that incorporation 
sites of TD,-H3 were closely correlated with 
viral in tranuclear inclusion bodies in adeno-5 
infection, which inclusions are reported to 
contain viral antigen ( 17), suggest that the 
increased incorporation was the result of vi- 
ral DNA synthesis. 

Summary. The effect of adeno-12 and 
adeno-5 viruses on the incorporation of thy- 
midine-H3 by cultures of human KB cells, 
newborn hamster kidney cells, and hamster 
embryo cells was investigated by radioautog- 
raphy. In K B  cultures, infection with either 
adeno-5 or adeno-12 virus significantly in- 
creased the percentage of labelled cells, but 
the number of silver grains per labelled cell 
was somewhat lower than for control cul- 
tures. In hamster kidney cells, infection with 
either adeno-5 or adeno-12 decreased the mi- 

totic index but significantly increased both 
the percentage of labelled cells and the iii- 
tensity of label per labelled cell. Intranu- 
clear viral inclusion bodies were formed in as 
high as 90% of the hamster kidney cells in- 
fected with adeno-5, which replicates in ham- 
ster cells. The incorporated label was closely 
associated with the intranuclear viral inclu- 
sion bodies. No viral inclusion bodies were 
found in the hamster kidney cells infected 
with adeno-12, which has an incomplete 
growth cycle in hamster cells. Hamster em- 
bryo cultures contained only a small percent- 
age of epithelial cells and it was only in these 
that the intranuclear viral inclusion bodies 
were found following infection with adeno-5. 
Fibroblastic cells, and therefore hamster em- 
bryo cultures, were much less susceptible to 
adenovirus-5 (and probably to adeno-12) 
than the predominantly epithelial hamster 
kidney cultures. The percentage of labelled 
cells following infection of hamster embryo 
cultures with either adeno-5 or adeno-12 in- 
creased only slightly as compared to the ham- 
ster kidney cultures. 

That viral DNA is formed even in the 
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abortive infection of hamster cells with adeno- 
12 is suggested by a) decreased mitotic index 
but increased DNA synthesis induced by 
either adeno-5 or adeno-12, and b)  associ- 
ation of the incorporated DNA-label with the 
viral intranuclear inclusions of hamster cells 
infected with adeno-5. 

1. Trentin, J .  J., Yabe, Y., Taylor, G., Scicncc, 
1962, v137, 835. 

2. Kitamura, I., Utsumi, K.  R., Van Hoosier, G., 
Samper, L., Taylor, G., Trentin, J. J., Excerpta 
Medica-Anatomy, Anthropology, Embryology, and 
Histology, 1964, v18, xxii. 

3. McBride, W. D., Wiener, A., Proc. SOC. Exp. 
Biol. and Med., 1964, vll.5, 870. 

4. Sltoker, M., Abel, P., Cold Spring Harbor Sym- 
posium on Quantitative Biology, 1962, v27, 375. 

5. Fraser, K. B., Gharpure, M., Virology, 1962, 
v18, 505. 

6. Bourgaux, P., ibid., 1964, v23, 46. 
7. Kitamura, I., Van Hoosier, G., Samper, L., Tay- 

lor, G., Trentin, J .  J., Proc. SOC. Exp. Biol and Med., 

1964, v l l 6 ,  56.3. 
8. Levinthal, J .  D., -\hmad-Zadeh, C., Van Hoo- 

sier, G., Trentin, J .  J., ibid., 1966, ~ 1 2 1 ,  305. 
9. Kato.  S., .4o\-ama, Y., Kamahora, J., Biken J., 

146.<, v6, 9 .  

10. !L'ilcos, iY. C., Ginsberg, H .  S., Virology, 1963, 
v20, 269. 

11. Berman, L .  D., Rowe, LV. P., J .  Exp. Med., 
1965, v121, 955. 

12. Van Hoosier, G. L., Jr.,  Kitamura, I., Taka- 
hashi, M., Gist, C., Taylor, H .  G., Trentin, J .  J., 
Fed. Proc., 1965, v24, 308. 

13. Huebner, R .  J., Rowe, W. P., Lane, W. T., 
Proc. Nat. Acad. Sci., 1962, v48, 2051. 

11. Pereira, M .  S., MacCallum, F. O., Lancet, 1964, 
v l ,  199. 

15. Yabe, Y., Samper, L., Taylor, G., Trcntin, J .  J., 
Proc. Soc, ESP. Biol. and Med., 196.3, ~ 1 1 3 ,  221. 

16. Spjut, H., Van Hoosier, G. I,., Jr., Trentin. 
J .  J., in preparation. 

17. Pereira, H. G., Allison, A. C., Balfour, B., 
Virology, 1959, ~ 7 ,  300. 

Received March 7, 1966. P.S.E.B.M., 1966, v122. 

Inhibtion of Endotoxin Fever by Reserpine.* (31242) 

ROGER DES PREZ, RICHARD HELMAN, AND JOHN A. OATES 
(Introduced by A. D. Bass) 

Departmcnts of Medicine and Pharmacology, School of Medicine, Vanderbilt University and 
Veterans Administration Hospital, Xashzrillc, Tenn.  

The present studies demonstrate that treat- 
ment of rabbits with reserpine inhibits the 
febrile response to bacterial endotoxin in- 
jected 24 hours later, and explore the rela- 
tionship of this inhibition to reserpine-in- 
duced depletion of brain stem S-hydroxytryp- 
tamine ( 5HT) and norepinephrine (NE) , 
both of which have been implicated in tem- 
perature control mechanisms ( 1,2 ) . 

Materials and methods.  Adult male albino 
rabbits were trained to tolerate restraints and 
rectal temperature probes for %hour periods 
on at  least 3 consecutive days. Temperatures 
were recorded every 10 minutes (Telether- 
mometer, Yellow Springs Instrument Corp., 
Yellow Springs, Ohio) during the training pe- 

*This  work was supported in par t  by  Grants HE- 
08399 and HE-5545 from Nat .  Inst. Health, and 
Burroughs Wellcome Clinical Pharmacology Award. 

riod and for a t  least 3 hours before pyrogen 
challenge. Only animals achieving a stable 
baseline temperature were used. All experi- 
ments were performed in an inside, window- 
less room in which temperature varied little 
from 20°C. Temperature was charted on co- 
ordinate paper using scales of 4 cm per de- 
gree C on the ordinate and 3 cm per hour on 
the abscissa. The area between the baseline 
temperature and the fever curve over a 3-hour 
period following pyrogen challenge was deter- 
mined by planimetric integration and ex- 
pressed as the fever index (FI) in cm2. An 
endotoxin of the Boivin type (Difco E. coli 
0127 B:8) was obtained from commercial 
sources, suspended in pyrogen-f ree saline, and 
used in the indicated dosage. In  general, 
fairly high dosage (25 pg) was employed to 
facilitate recognition of fever inhibition. Ani- 


