
zene resin, Dowex-1 was reported by Kraus 
and Moore(4). Quantitative separation of 
salts of these elements in pure solutions is 
relatively simple. However, the numerous ele- 
ments and proteins of biological specimens 
required considerable hydrolysis in concen- 
trated acids to prepare them for quantitative 
separation. 

This procedure is very useful for specimens 
which have undergone neutron activation. 
The aluminum foil containers can be digested 
with the sample. This eliminates the error 
introduced when samples must be emptied 
from their containers. If the sample can be 
introduced directly to the flask the first con- 
centrate HCl additions are unnecessary. The 
entire procedure requires approximately 16 
hours to complete. It requires minimal at- 
tention and can be interrupted at any stage 
except following the last addition of HCl, 
when it must be immediately poured onto the 
column. 

The separation of iron and cobalt from bio- 
logical tissues has application in isotope stud- 
ies when recovery of either or both elements 
is required. While the recovery reported here 
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was accomplished from bovine plasma, the 
procedure is capable of this separation from 
high protein tissue such as packed red cells. 
Theoretically the technique will allow quanti- 
tative recovery of iron and cobalt in trace 
concentrations from any specimen that can 
be digested by concentrated acid. 
Summary. Trace amounts of iron and co- 

balt are separated and quantitatively recov- 
ered from biological specimens using Dowex-1 
columns. The procedure for digesting the pro- 
tein and preparing the samples is given in 
detail. Recovery values for 72 samples using 
C057 and FeG9 as tracers are tabulated. Ex- 
cellent recovery and reproducibility are 
achieved. 
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Action of 5Fluorodeoxyuridine on Synthesis of Infectious Canine Hepatitis 
Virus in Dog Kidney Cells.* (28488) 

J. E. MOULTON AND L. M. FRAZIER 
Department of Pathology, School of Veterinary Medicine, University of California, Davis 

The DNA inhibitor, 5-fluorodeoxyuridine 
(FUDR)t interferes with the synthesis of 
thymine, probably a t  the level of thymidylate 
synthetase, and the inhibition is reversible 
with thymidine ( 1,2) . FUDR or related com- 
pounds suppress synthesis of DNA viruses 
(3-7) but not RNA viruses(8-10). The ef- 
fects of the drug on synthesis of infectious 
canine hepatitis (ICH) virus in dog kidney 
(DK) cells are described in this report. ICH 

~~ 

*This work was supported in part by research 
grant from Nat. Inst. of Allergy and Infect. Dis., 
U. S. Public Health Service, Bethesda, Md. 

t FUDR was kindly supplied by Dr. R. Duschin- 
sky, Hoffmann-LaRoche Inc., Nutley, N. J .  

virus, which is a member of the adenovirus 
group( 1 1), multiplies in the nucleus where i t  
stimulates formation of DNA( 12,13). 

Materials and methods. The procedures 
used in cultivation of DK cells and titration 
of ICH virus by the tube dilution method 
have been described ( 12). A 10-* dilution of 
virus that titered at 106.5TCID50 per ml was 
used to infect the cultures and 2-hour adsorp- 
tion periods were employed. The normal 
growth curve of the virus was determined by 
titrating at  varying periods 2-42 hours after 
infection. The inhibitory effect of FUDR 
was studied by adding FUDR ( l C 3  M, 
M, and M) at varying periods 2-36 hours 
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FIG. 1. Final titers of ICH virus a t  18, 24, and 

42 hours after addition of FUDR ( 10dM or lO+M). 
Each point in an ‘lFUDR curve” indicates final 
yield of virus when FUDR was added a t  the time 
(indicated in abscissa) of the point itself. Each 
point in 18- and 24-hour “FUDR curves” is the 
mean of 2 separate determinations; each point in 
42-hour curve is the mean of 3 determinations. The 
virus coiitrol curve represents titers of virus at 
varying times (indicated in abscissa) after infec- 
tion. Each point is mean of 4 determinations. 
When final yields of virus were determined at 42 
hours there was practically no suppression of viral 
synthesis by FUDR. Titers in 42-hour “FUDR 
curve” are approximately the same as the 42-hour 
virus control titer. Observe partial suppression of 
viral synthesis when final yields of virus were 
determined at 24 and 18 hours after infection 
and more suppression at 18 hours than a t  24 hours. 

The later FUDR was added the less inhibition was 
obtained. ‘ ‘ FUDR curves ’ ’, representing DNA 
synthesis, precede the virus growth curve, and show 
that by 12 hours enough DNA was formed for 
maximum synthesis of infectious virus. 

FIG. 2. Quantity of DNA in FUDR-inhibited 
and uninhibited cultures at varying times after in- 
f ection. Virus (lo-* dilution of 10e.6TCID,) was 
added at zero hour for 2-hour adsorption periods 
and DNA was determined by Fuelgen microspectro- 
photometry and diphenylamine methods. Quantities 
of DNA were calculated per loe cells and are ex- 
pressed as % of control value. Observe suppression 
of DNA synthesis at all stages of infection in 
FUDR-treated cultures and increase of DNA in 
uninhibited cultures. 

after infection, and titrating for virus a t  18, 
24, 30, 42, and 54 hours. The reversal effect 
of thymidine was studied by adding thymi- 
dine (3 x M or 3 x M) with 
FUDR (lP5 M) a t  2 hours and titrating at  
18 and 24 hours after infection. 

Results. (1) Inhibitory ejfects of FUDR. 
When FUDR ( lc5 M or 10-6 M) was added 
at  2-12 hours, titers of ICH virus a t  18 and 
24 hours after infection were suppressed (Fig. 
1). However, when final yields of virus were 
determined at  30, 42, or 54 hours after in- 
fection the titers were as high as in the virus 
controls (Table I ) .  In all experiments, the 
later the drug was added the less inhibition 
was obtained. If the concentration of FUDR 
was increased to 103 M, inhibition was near- 
ly complete as late as 54 hours after infec- 
tion. Addition of thymidine with FUDR 2 
hours after infection failed to reverse signifi- 
TABLE I. Capacity of FUDR to Inhibit ICH 
Virus After 30, 42, and 54 Hours of Infection. 
FUDR (104M and 10-6M) was added 2 hr after 
infection and virus titers were determined at 30, 
42, and 54 hr. When 1O-W FUDR was added, final 
titers are high, indicating minimal inhibition of 
virus. However, when 104M FUDR was added 

significant inhibition was found. 

Virus titert of FUDR-treated Control 
virus titer Hours ,, virus 

FUDR+ 30 42 54 (no FUDR) 

10-6M 4.2 5.0 

5.2 7.0 
4.5 

3.5 

4.7 
4.8 7.8 

1 04M 1.5 
1.3 

* FUDR added 2 hours after infection. 
t The inoculated virus dilution. of 10e.6 

TCID,) was added for 2-hour adsorption periods. 
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TABLE 11. Effects of Thymidine on Capacity of FUDR to Inhibit ICH Virus. Thymidine 
was added with or without FUDR 2 hr after infection and titers of virus were determined at 
18 and 24 hr after infection. Titers of virus in uninhibited controls are also shown. Thymidine 

had little effect in reversing the inhibitory effect of FUDR. 

Virus t i ter-cultures 
with FUDR alone 

Virus titers (Log TCID,)- 
cultures with FUDR + thymidine at  hours ,, virus a t  hours virus Virus titer- 

FUDR Thymidine 18 24 18 24 control cultures 

lWKM 3 x 10-JM 0 0 4.7 

10-6M 3 x 10-sM 0.5 0 4.7 

1WM 3 X 10"M 2.5 2.7 5.3 

0 

1.2 

1.4 

cantly the 18- and 24-hour inhibitory effects 
of FUDR (Table 11). 

( 2 )  Escape from effects of FUDR during 
prolonged incubation. To explain lack of vi- 
ral suppression in cultures incubated 30 hours 
or longer, the effect of prolonged incubation 
on degradation of the drug was considered. 
The following experiment was carried out: 
FUDR (lo-" M )  was added to cultures of un- 
infected cells and virus-infected cells that 
were incubated at 37°C for 18 hours. The 
nutrient medium from these cultures con- 
taining FUDR was then added to newly in- 
fected cultures, which were incubated 24 
hours, and titrated for virus. Total incuba- 
tion time of FUDR was 42 hours. Control 
cultures with virus alone were titrated 
at 24 hours. The results (Table 111) 
showed that 42 hours of incubation at 
37OC had no effect on the 24-hour inhibitory 
capacity of FUDR. The slightly higher ti- 
ters of virus in cultures preincubated with 
infected cells can be accounted for by the 
additional virus added. 

To prove that DNA-suppressing capacity 
of FUDR was retained throughout the entire 
period of incubation, DNA in inhibited cul- 
tures was measured at varying periods 6-42 
hours after infection and compared with 
DNA in uninhibited cultures. DNA was de- 
termined by Feulgen microspectrophotometry 
( 13) and diphenylamine methods ( 12). The 
results showed that DNA never increased 
above the control value in FUDR-inhibited 
cultures, but increased 240-280% in uninhi- 
bited cultures (Fig. 2). 

(3) Time of DNA synthesis. Since FUDR 
inhibits synthesis of DNA or precursor im- 
mediately, the only virus that forms after ad- 
dition comes from DNA or precursor ac- 
cumulated in the cell up to the time the drug 
is added. If FUDR is added early, before 
increased synthesis of DNA or precursor, the 
amount of virus is small; if added later, after 
synthesis of DNA or precursor, more virus 
will be found at  the time of final titration 
(3). If a curve is plotted with the points 
representing final yields of virus at the times 

TABLE 111. Effects of Preincubation of FUDR on Capacity to Inhibit ICH Virus. FUDR 
mas preincubated with infected or uninfected cells, then added to newly infected cultures that 
were incubated a t  37°C for 24 hr. Total incubation of FUDR in each experiment was 42 hr. 
Infected controls with fresh FUDR and without FUDR are included. Each figure represents 
average of 2 determinations. Preincubation with infected or uninfected cells had no effect on 

inhibitory capacity of FUDR. 

24-hr virus titers (Log TCID,) 
Conditions of Conditions of With preincu- Virus control 

FUDR preincubation postincubation bated FUDR (no FUDR) * 
~~ 

10-6M 37"C/18 hr with unin- 37"C/24 hr with infected 1.7 5.3 
fected cells cells 1.4 

10-6M 37"C/18 hr with in- 37"C/24 hr with infected 2.5 
fected cells cells 3.2 

* For 24-hour virus titer wibh FUDR see Fig. 1. 
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of FUDR addition, the curve indicates syn- 
thesis of DNA or precursor since at  each 
point the virus titer is related to the amount 
of DNA synthesized up to that point. 

In the present study when “FUDR curves” 
were plotted for final virus yields a t  18 and 
24 hours after infection, they showed syn- 
thesis of DNA or precursor shortly after in- 
fection, with sufficient amount produced by 
12 hours for maximum synthesis of infec- 
tious virus (Fig. 1). 

Discussion. In this study FUDR ( 1 P  M 
or 1 V  M) caused suppression of viral syn- 
thesis in cultures titered at  18 or 24 hours, 
but failed to cause suppression in cultures 
titered at  30 hours or longer. The final titers 
of virus in these prolonged cultures were 
nearly as high as those in virus controls. 
Flanagan and Ginsberg ( 7)  reported similar 
results with types 4 and 5 adenovirus in 
HeLa cell cultures. They had inhibition at 
32 hours, but lack of inhibition at 40 hours 
or longer. 

I t  wits shown that lack of inhibition of 
viral synthesis after 30 hours was not due to 
degradation of FUDR from temperature of 
incubation, or loss of DNA-suppressing abil- 
ity. 

Previous studies( 12,14) of ICH virus-in- 
fected cultures by phase-contrast, and Giem- 
sa and acridine orange stains have shown 
that DNA first appears in the nucleus as 
small granules in the ground substance. These 
enlarge, congregate in the center, and com- 
bine to form an inclusion body. The chroma- 
tin and nucleoli move to the margin of the 
nucleus in a halo when the inclusion body 
forms. With fluorescent antibody, virus is 
observed in the nuclear granules, inclusion 
body, and marginated chromatin. Apparent- 
ly, only a small part of the newly synthesized 
DNA is needed for viral production for there 
is a great excess in the mature inclusion body 
that is unrelated to virus. 

Studies of FUDR-inhibited cultures by 
similar methods show entirely different cel- 
lular changes( 14). At no time do nuclear 
granules or inclusion bodies form when 
FUDR is added before or 2 hours after in- 
fection, and the chromatin does not margi- 
nate. Of particular interest, in cultures of 

this type examined 42 hours after infection, 
are cells with small, pleomorphic, and often 
vacuolated nuclei. The nuclear chromatin in 
these cells is thickened and stains brightly 
for DNA with acridine orange and reacts 
positively for virus with fluorescent antibody. 

Thus, it appears from this and previous 
studies that when DNA precursors are un- 
available due to the action of FUDR, after 
a time, the virus is able to utilize chromo- 
somal DNA for multiplication. This accounts 
for synthesis of virus without increase in 
DNA, the changes observed in the chromatin 
and nuclei, and the presence of virus within 
the chromatin. 

There is no evidence that RNA is involved 
in this process since RNA does not increase 
in cells in inhibited cultures(l4). Also, it 
seems unlikely that an abnormal DNA is 
formed for synthesis of infectious virus. 

Summary. FUDR suppressed synthesis of 
ICH virus in DK cells after 18 or 24 hours 
of incubation, but failed to suppress the vi- 
rus when the cultures were incubated for 30 
hours or longer, unless the concentration of 
the drug was increased. Viral inhibition by 
FUDR was not reversible with thymidine. 
The lack of inhibition in cultures incubated 
for longer periods was not due to degradation 
of FUDR or loss in DNA-suppressing ca- 
pacity. DNA synthesis began shortly after 
infection, and by 12 hours enough DNA was 
formed for maximum synthesis of infectious 
virus. 
~ 
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Sensitivity of Irradiated Mice to Bacterial Endotoxin. (28489) 

WILLIE W. SMITH, ILO M. ALDERMAN, CAROL SCHNEIDER AND JEROME CORNFIELD 
National Cancer Institute and National Heart Institute, National Institutes of Health, 

Bethesda, M d .  

In the course of studies on the mobiliza- 
tion of granulocytes with bacterial endotoxin 
it was observed that extremely small doses 
given on the third day after lethal irradi- 
ation killed mice that would otherwise have 
lived for several additional days ( 1 ) . Greatly 
increased sensitivity to endotoxin has been 
reported in a number of circumstances, no- 
tably adrenalectomy ( 2 ), reticuloendothelial 
blockade (3),  vaccination with BCG (4) serial 
zymosan injections ( 5) , and elevated ambient 
temperature (6). The mechanisms of endo- 
toxin hypersensitivity are not well under- 
stood. None of the suggested possibilities 
would have led us to anticipate the effect ob- 
served in irradiated mice. 

In the present studies we attempt to quan- 
tify and localize the response with respect 
to a,  radiation dose; b, time after irradiation, 
and c, organ or system responsible for the 
hypersensitivity reaction. 

Methods. The mice used were (BALB,/c 
X DBA/2)F1 females 12 to 20 weeks old, 
maintained during the experiment in individ- 
ual cages. The temperature in the animal 
room ranged from 76 to 80°F. Except where 
shielding was involved, irradiation was from 
a CoSo source. In the shielding experiments 
radiation was delivered from 2 opposing 
Westinghouse Quadraconex tubes operating 
at  200 KV, 15 ma, and filtered with 0.25 mm 
Cu and 1 mm At. Lead shields were % inch 
thick. A preparation of S. typhosa endo- 
toxin* was used, injected intraperitoneally. 

* Prepared and generously supplied by Difco La- 
boratories, Detroit, Mich. 

The end point used was death in less than 
72 hours after challenge. LDZo values, with 
9576 fiducial limits, were estimated by probit 
analysis and are given as pg per 20 g mouse. 

Results. 1. Eflect of radiation dose on en- 
dotoxin LDso 3 days after irradiation. Count- 
ing the animals that died in less than 72 
hours after challenge, the LDno of the endo- 
toxin preparation in control mice was 480 
(440-530) pg per 20 g mouse. When the 
challenge was given on the third day after 
irradiation the endotoxin LDZo values shown 
in Fig. 1 were observed. There was no evi- 
dence of increased sensitivity following an 
exposure of 300 rads but after 600 rads the 
endotoxin LD50 dropped to 310 pg and to 80 
pg after 820 rads. Between 400 and 900 rads 
the endotoxin LD50 decreased at  the rate of 
about 100 pg per 100 rads. After a dose of 
1000 rads the endotoxin LDno was estimated 
to be 0.5 (0.3-1.1) pg per 20 g mouse. The 
radiation LDSo for death during the same in- 
terval, (i.e.,  6 days after irradiation) was 
1170 (1140-1210) rads in mice given no en- 
dotoxin. This value is plotted in Fig. 1 to 
correspond with an endotoxin LDrio of zero. 

2. EBect of time of irradiation on endo- 
toxin LDB0. In our original mobilization ex- 
periments it was noted that sensitivity to 
endotoxin was greater 3 days than 2 days 
after irradiation(1). Using doses of 850 and 
890 rads the effect on endotoxin toxicity was 
studied for challenges made 2, 4 or 5 days 
as compared to 3 days after irradiation. Re- 
sults of these experiments are shown in Fig. 
2. The third day was clearly the most criti- 




