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Interferon Production by Germfree Mice.* (32413) 

GERALD R. FITZGERALD~ AND MORRIS POLLARD 
Department of Microbiology, University of Notre Dame, Notre Dame, Znd. 

Since the initial studies Olf interferon by 
Isaacs and Lindenmanni( 1 ) ,  ample evidence 
has been accumulated which has suggested 
that interferon plays a significant role in host- 
resistance to primary viral infections( 2-4). 
Germfree animals have played important 
roles in investigations which otherwise would 
have been complicated by (the presence in 
them of a microbial flora(5). Because bac- 
teria and bacterial products have been shown 
to induce the formation of intetferon-like 
substances in v ioo(6) ,  it seemed likely that 
the germfree animal might again provide a 
more refined ltest animal for investigations 
involving the induction and production of 
interferon in vivo. Mice respond to intra- 
venous inoculation of Newcastle Disease virus 
(NDV) with high levels of serum interferon 
( 7 ) .  Therefore, the same system was em- 
ployed to determine the general capacity of 
germfree mice to produce interferon in re- 
sponse to viral stimulation. 

Materials and methods. Animals. Germlfree 
CFW mice were reared and maintained by the 
routine procedures developed at  Lobund La- 
boratory for germfiree animals (8- 1 0) . The 
conventional control mice were derived 
originally -horn germfree stock which had 
been adapted to the microflora of the animal 
quarters. The mice were 5 weeks of age and 
consisted of approximately equal numbers of 
males and females. 

Viruses. The Asian strain of Newcastle 
Disease virus (NDV) was propagated in 
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embryonated chicken eggs and demonstrated 
a titer of 109s7 PFU/d. A large plaque 
varimt of encepha1omywad)itis virus (EMC- 
r )  was kinldly provided by K. Takernoto of 
National InistiltUtes of Heallth, Bethesda, Md. 
Vesicular Stomatitis virus (VSV) was ob- 
tained through the courtesy of B. Postic, 
Graduate School of Public Health, University 
of Pittsburgh, Pa. The latter 2 virtu= were 
propagated in MCN mouse fibroblast cell cul- 
tures and were used for assay of intenferon. 

Tissue cultures. A continuous mouse fibro- 
blast cell line( 1 1 ) ,  designated as MCN cells, 
kindly provided by F. Dienhardt, Redbyte- 
rian-Sit. Luke’s Hmpital, Chiaago, Ill., was 
used for virus propagations and titrations, 
and for assay of interferon. Primary cell 
cultures were prepared from m i n i z e d  
chicken embryos and used fm NDV titratiuns. 
All cultulres were grown in Eagle’s Minimum 
Essential Medium (MEM) with non-essential 
amino acids and glutamine added, and sup- 
plemented with 15 % heat-inactivated calf 
serum. Penicillin and streptomycin were in- 
cluded at  concentrations of 1 0 0  units/ml 
and 0.1 mg/d ,  respectively. Sodium bi- 
carbonate was added to give a ootnmfitraitioln 
of 0.04%. The plaque medium recipe and the 
procedures for plaque assays were those 
described in a personal communication from 
B. Casto, Graduate School of Public Health, 
University of Pittsburgh, Pa. 

Interferon production. Interferon was in- 
duced by intravenous inoculation uf mice 
with NDV via the lateral tail veins. The b l d  
was collected by incision of lthe axillary blodd 
vessels, and stored overnight a t  4OC. Spleens 
and livers were placed in vials and im- 
mediately frozen in an alcohol-dry ice Ibath. 
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They were then stored in a mechanical freezer 
at below -50°C. 

Interferon preparation. The serum m 
separated from the blood clot by centri- 
fugation. The organs were thawed and ho- 
mogenized in 10 or 20% suspensions (w/v) 
in Eagle’s MEM with a Ten-Broeck glass 
homogenizer. The cells were then disrupted 
by freezing and thawing 3 times or by soni- 
cartion treatment for 2 minutes at 13.5 amp 
in an MSE ultrasonic power unit. To elimi- 
nate cell receptors, each preparation was then 
centrifuged at  lOO,cKx> X g for one hour in 
a Spinco Model L ultracenltrifuge. Residual 
NDV was eliminated fm all preparations by 
acid treatment at pH 2 for one to three days 
at 4°C. 

Interferon induction in germfree mice. 
Within one hour of removal from germfree 
isolators, groups of germfree mice were in- 
oculated with NDV, and the blood and or- 
gans were collected a t  various times there- 
after up to a period of 24 hours. Therefore, 
the animals described in this report as “germ- 
free” may be interpreted as ex-germfree mice. 
It was )believed, however, that the response 
exhibited by these ex-germfree mice would 
be essentially identical to that of technically 
germfree mice, since the period of exposure 
would be so short: less than 24 hours and in 
most cases, 6 (hours or less. In fact, experi- 
mental evidence has supported this as- 
sumption. Two groups of germfree CFW mice, 
each consisting of a t  least 5 animals, were 
inoculated intravenously with NDV. One 
group was inoculated within the isolator and 
maintained germfree for the next 5 hours, at 
which time they were removed from the iso- 
lator and exsanguinated immediately. The 
other group was inoculated aiter removal 
from the isolator and maintained in a clean 
environment ‘for the same length of time, lthen 
their b l d  was collected. There was no detec- 
table difference in the serum interferon levels 
of these 2 groups of mice. 

Interferon titration. A pllaque-inhibition 
assay system was chosen to assay the inter- 
feron preparations, using EMC or VSV as the 
indicator viruses. A constant dose of virus was 
added to a series of MCN monolayer cultures 
in 30 ml Falcon flasks. Immediately after, a 

constant volume of either 2- or 4-fold dilutions 
of the interferon preparation was added to 
3 replicate cultures. Controls consisted of 
cultures inoculated with diluent alone and of 
cultures inoculated with only virus and 
diluent. A standard interferon preparation was 
always assayed tagether with the Itest 
materials. Following inoculation, the cultures 
were maintained at  37°C for one hour to 
permit adsorption of virus. The cultures were 
then covered with an agar overlay containing 
Eagle’s MEM with non-essential amino acids 
and glutamine, and with 0.1% bovine serum 
albumin, penicillin (100 uni~ts,/ml) , strepto- 
mycin (0.1 mg/ml) , and sodium bicarbonate 
(0.04%). Plaques were read at 48 hours after 
adsorption of virus. The measure of inter- 
feron activity was the dose which depressed 
the plaque counts to 50% of the controls, for 
which Lindenmann and Gifford have sug- 
gested the zbbreviation PDDS0 or 50% 
plaque depressing dose ( 12). Equidistant dose- 
response curves were required for valid com- 
parisons of interferon samples tested simul- 
taneously. 

Indentification of interferon. The interferon 
preparations studied have been tested and 
found to possess the following properties of 
interferon: cell species specificity, insmsi- 
tivity to antibody against the inducer, non- 
sedimenkubility at 100,000 x g far me hour, 
inability to inactivate virus directly, inhibi- 
tory activity against heterologous virus, hyp- 
sin semi tivi ty , insensitivity to nucleases , rela- 
tive heat stability, and insensitivity to acid. 

Results. Serum baseline inhibitory activity. 
Groups of 4 to 10 germfree mice and of 
conventional mice were bled, and the pooled 
sera were tested .for baseline virus inhibitory 
activity against the formation of plaques by 
either EMC or VSV. These animals were 
either uninwulated or were inoculated with 
NDVdfree allantoic fluids. Ten serum pools 
were tested: 4 from germfree mice and 6 
from conventional mice. No plaque inhibi- 
tion equal to ar greater than 50% was ob- 
served when the serum was diluted 1/4 or 
more. Tn 2 of 3 sera tested at a dilution of 
1/2, the conventional mouse serum was in- 
hibitory, while in the one instance of testing 
undiluted serum, both the gemfree mouse 
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FIG. 1. Serum interferon responses of germfree and of conventional CFW mice at various 

times after intravenous inoculation with PFU or NDV. Each point represents the 
average response of 4 animals. Open circles ( 0 ), germfree animal responses; closed circles 
( 0 ) , conventional animal responses. 

FIG. 2.  Serum interferon responses of germfree and of conventional C J W  mice 6 hr  after 
intravenous inoculation with vaxious doses of NDV. The symbol ( < ) means that re- 
sponse was less than Ithat indicated, but lower responses were not tested for. Open circles 
( 0 ), germfree animal responses; closed circles ( 0 ), conventional animal responses. 

serum and the conventional mouse serum 
dmmsttrated a ddni te  inhhiltory attivity. 
The results seem to indicate that the base- 
line inlhibitory activities of germfree and d 
conventional mouse sera were of low mag- 
nitude and, in general, similar. 

Serum interferon levels with time. Germ- 
free and conventional CFW mice were in- 
oculated intravenously with undiluted stock 
NDV. The average serum interferon re- 
sponsm of 4 germfree mice and of 4 con- 
ventional miice were measured at various in- 
tervals thereafter (Fig. 1 ) .  The optimum in- 
terferon respme to this dose of NDV occur- 
Ired at about 6 hours atter inoculation. The 
time pattern of s e m  interferon response to 
NDV stimulation tin germfree animals seemed 
to be essentially the same as that in the con- 
ventional animals. 

Serum interferon levels related to dose of 
N D V .  Groups of 4 germfree CFW mice and 
groups of 4 conventional CFW mice were 
inoculated with 0.2 ml of 5-fold dilutions of 
stock NDV. At 6 hours post inoculation 
serum infterferon levels were determined (Fig. 
2 ) .  There was what appeared to !be a linear 
increase in interferon production with in- 
creasing doses of NDV at  least up to1 a dose 
of about log PFU. Above lo9 PFU there 
appeared ;to {be a plateau. The gemfree mice 
again appeaxed to respmd to various doses 
of NDV with serum interferon levels of the 
same order of magnitude as those of conven- 
tional mice. 

The effect of monocontam*mtion. Germ- 
free mice were monocontaminated per 0s 
with either E ~ c h t ~ i ~ h k  coli or Lactobacillus 
case;. The 4-hour serum interferon response 
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to an optimum dose of NDV at  1, 3 and 
seven clays after monocontamination was de- 
termined in germfree and in conventional 
control mice. The average interferon response 
of 5 mice was measured on each occasion 
(Table I). The cecums, livers, lungs, and 

TABLE I. Effect of Monocontamination of Germ- 
Free CFW Mice on Serum Interferon Response to 

NDV. 

Interferon titer 
(PDDm/ml) 

Animals, treatment* Day 1 Day 3 Day 7 

Conventional, E .  coli 200 200 200 
Gnotobiotes, E .  coli 400 400 2 00 

I ?  , L. casei 400 100 400 
Conventimal, none 20Q, 200 
Germf ree, none 400,200 

* Groups of 5 animals each, monocontaminated 
per  08, then inoculated intravenously 1, 3 or 7 
days later with lo8.' PFU NDV. Serum interferon 
levels 4 hr after inoculation with NDV were then 
measured. 

spleens of the gnotobiotes were tested quali- 
tatively for the presence of the bacterial con- 
taminants: in every instance the cecums were 
positive while the other organs tested were 
negative. The 2-fold decrease in the serum 
interferon level on the seventh day after ex- 
posure to  E .  coli and the 4-fold decrease on 
the third day after exposure to L. casei may 
reflect the normal variability of the inter- 
feron response of groups of mice of the 
size studied. Thus, we have been unable to 
demonstrate that monoconltamination had any 

TABLE 11. Spleen and Liver Interferon Levels in 
Germfree CFW Mice and in Conventional CFW 

Mice After Intravenous Injection of NDV. 

Time Interferon titer 
Tissue (hr) Animals* (PDD,/lCMI mg) 

Spleen 2 Uninoculated 
controls 

Conventional 
Germfree 

6 Conventional 
9 )  

Germf ree 
¶ I  

Liver 6 Conven tionnl 
Germfree 

6.6 

6.6 
53 

2 10 
270 
850 

10.70 
27 

106 
~ ~ ~~ ~ 

*Groups of 4 animals each. Except for the un- 
inoculated control animals, all animals were inocu- 
lated intravenously with lo8.' PFU NDV. 

effect on the ability of gemfree mice to 
respond to NDV with high levels of serum 
interferon. 

Interferon levels in spleens and livers. 
Groups of germfree and of conventional mice, 
consisting of 4 animals each, were tested for 
spleen and liver interferon levels at 2 and 
at 6 hours afiter intravenous inoculation with 
undiluted stock NDV (Table 11). The levels 
of interferon in the spleens and livers of 
the germfree mice were at least equal to, 
if not greater, than bhose of the conventional 
mice. 

Discussion. A preliminary study (unpub- 
lished) indicated bbat gennfiree C3H mice 
responded to NDV stimulation with serum 
interferon production which was at  least 
2-fold higher than that in conventional coun- 
terpart C3H mice. I t  would seem now, how- 
ever, that the differences observed among 
the C3H mice were probably due to the range 
of variability of the response in group of 
mice of the nulmbers studied. In the present 
study, 2- and 4-fold differences in serum 
interferon levels between germfree and con- 
ventional groups of mice have \been observed 
(4 to 5 mice per group), but the overall re- 
sponse with time and to various doses of 
NDV seemed to be essentially the same for 
both germfree and conventional CFW mice. 

Studies of the baseline inlhibitory aotivity 
of sera from untreated control germgree and 
control conventional mice showed no differ- 
ences. If there is a difference i t  would not 
be beyond the range of normal variability 
of the interferon response inherent in groups 
of mice of .the size studied. Methods m m  
refined than Ithose used in this study might 
be required to make them apparent. 

Finally, the levels of interferon in the 
spleens and livers of the germfree mice were 
at  least equal to, if not greater, than those 
of the conventional mice. T h e  results are 
in agreement with those Dekmer and Billiau 
obtained when spleen interferon levels of 
germflree rats were memured 2 hours after 
inoculation with heat-killed E. coli and com- 
pared with the responses of conventional rats 
to a similar inoculum( 1 3 ) .  It is possible 
that the difference in the spleen and l i w  
interferon levels observed between the germ- 
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free and conventitma1 mice may refleck no 
more than the normal variability of response 
in such small groups of animals. Neverthe- 
less, two facts from the present study sug- 
gest that the higher levels of spleen and liver 
interferon among germfree mice may be sig- 
nificanlt: (a) the tissue interferon levels were 
consistently higher among germfree mice 
whether tested at 2 hours or at 6 hours and 
whether tested in spleens or in livwrs, and 
(b) repetition of the test gave the same 
results: higher interferon lewh in the spleen 
extracts firom germfree mice. 

The enhanced interferon response among 
the germfree mice may !be due to higher 
storage levels of preformed interferon or of 
interferon precursors ( 14) bemuse of their 
comparatively “pristine” condiltion. If so, the 
germfree animal may represent the optimum 
tool for demonstrating the existence of such 
entitles . 

Summary. A study was made to determine 
the relative capacijty of germfree mice to 
respond to virus stimulation with interferon 
production in vivo. Germfree CFW mice 
responded to intravenously inoculated New- 
castle disease virus with a pattern of serum 
interferon production similar to that of con- 
ventional mice. Moreover, the baseline in- 
hibi tory activity of sera from uns timulated 
control germfree and conventional mice were 
the same. However, thiere was some indi- 
cation that the spleen and liver interferon 
responses of germifree mice may be higher 
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than those of conventional mice. It is sug- 
gested that such higher responses in g m -  
free mice might be due to higher storage 
levels of preformed interferon or of interferon 
precursors because of their mnparatimIy 
“pristine” mndiltion. 

This investigation was supported in part by 
USPHS Training Grant GM 1248 from Nat. Inst. 
Health and in part by a grant from Allen County 
Cancer Society. 
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Magnesium Deficiency and Urea Cycle Enzymes in Rat Liver.” (32414) 
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Department of Medicine, West Virginia University Medical Center, Morgantown 

Induction of magnesium deficiency in the 
rat has been observed to produce several 
metabolic abnormalities. Recently we have 
reported a generalized aminoaciduria in the 
presence of an increase in the activity of 
sodium-potassium activated kidney adenosine 
briphosphatase, and the suggestion wilrs made 

that the alteration in the w h a r y  amino acid 
pattern was the result of renal tubular dys- 
function rather than an “ovwflow of amino- 
aciduria”( 1). Since protein metabolism was 
altered in the deficient animals, it seemed 
appropriate to study the influence of mag- 
nesium deficiwncy on the urea cycle enzymes. 
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