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Further Studies of Interrelationship Between Xanthine Oxidase and 
Influenza1 Pneumonia in Mice." (22292) 

MARGRET IRENE SELLERS.+ (Introduced by A. F. Rasmussen, Jr.) 
Dhvkion of Virology, Department of Infectious Diseases, LTniversity of California at Los Angeles, 

School of Medicine. 

I t  has been previously reported(1) that an 
increase in xanthine oxidase occurs in the 
lungs of mice infected with PR8, Type A in- 
fluenza virus. In  order to define further the 
interrelationship between the increased levels 
of enzyme and virus proliferation additional 
experiments have been carllied out. Levels of 
the in vitro activity of xanthine oxidase in 
mouse lung infected with influenza virus have 
been compared with those of the same tissue 
either infected or injured with: (a) Nigg 
pneumunitis virus, (b) Newcastle disease 
virus, (c) Klebsiella pneumoniae, and (d) 
toxic chemicals, fats, Friedlander's polysac- 
charide and leukotasine. The results indicate 
that although the increase in xanthine oxidase 
is not directly related to influenza virus pro- 
liferation per se, the enzyme may be con- 
cerned in some way with the pneumonic prw- 
ess in mouse lung. 

Methods. Four to 6 weeks old albino Swiss 
mice of the Webster strain were employed. 
Xanthine oxidase assays on homogenized 
mouse lung tissue were carried out in a con- 
ventional Warburg apparatus as described 
previously( 1 ) . The values reported represenit 
the oxygen uptake, stimulated by addition of 
substrate, of 20 mg tissue (dry weight equiva- 
lent) per 20 minutes; in each experiment the 
oxygen uptake representing the endogenous 
respiration has been subtracted from the re- 
corded values. Hernagglutination titrations 
were performed employing a pattern end point 
( 2 ) .  In determining the virus infectivity 
titers, equal volumes of a sample of homu- 
genate from all the animals assayed at a given 
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time were pooled, serial lefold dilutions pre- 
pared and 4, 10-day chick embryos inoculated 
with 0.2 ml of each dilution. After 48 hours 
incubation at 35"C, samples of allantoic fluid 
were removed and tested for the presence of 
virus by the spot plate hemagglutination tech- 
nic(3). The IDs0 titers were calculated ac- 
cording to the method of Reed and Muench 
(4). The lungs from each animal were ex- 
amined and the pulmonary consolidation 
scored according 'to the method of Horsfall 

Results. The results of an experiment with 
a mouse adapted strain of PR8, Type A in- 
fluenza virus are presented in Table I. Mice 
were infected via the intranasal route with 
4,000 LDso doses of stock virus. The day-to- 
day change in enzyme level together with the 
change in virus level as determined by hemag- 
glutination titers for chick-embryos were de- 
termined on combined aliquots of tissue from 
each day's experiment; these resulats are di- 
rectly cornparable to the recorded averages of 
enzyme activity. Levels of enzyme activity 
are roughly paralleled by virus titers. 

Consolidlation is somewhat slower than is 
the increase in enzyme activity in developing; 
the presence of gross lesions is not essential 
for increased xanthine oxidase activity al- 
though the maximal levels of enzyme are 
found in partially consolidated tissue. A 
lethal dose of virus was employed in this ex- 
periment and at  the end of 100 hours all the 
animals were dead. When sub-lethal amounts 
of virus were employed comparable results 
were obtained, i.e., the development of enzyme 
levels and virus titers roughly paralleled each 
other although the levels reached were lower 
and slower in developing than in lethally in- 
fected mice. 

An experiment showing the changes in xan- 
thine oxidase in mouse lung following infec- 
tion with Nigg pneumonitis virus (Greb 

( 5 ) .  
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TABLE I. Correlation of Changes in Virus Concentration and in Xanthine Oxidase Activity 
in Mouse Luiig liifected with PR8 Influenza Virus. 

Tinie (-Group 1*-, r--Group 2-, (----Group 3-, 7 A\-g -3 

(hr) t  E.A.$ H.T.$ C.jl E.S. H.T. C. E.A. H.T. C. E.A. H.T. EID,, 

0 2.3 
24 6.9 160 0 

0 
48 8.5 320 0 

0 
72 13.2 320 ?+ +- 
96 12.0 SO 3 . t  + 

2.5 2.3 
5.3 l(i0 + 4.9 160 

0 
i .2  3'70 + 5.9 320 + 
9.8 3'0 i+ 8.0 I!30 

'3+ 
4.8 320 3+ 3.0 so 

2+ 

* Group of 10 iiiicc, 2 c.hoseii :it rnndoiii ai ic l  1)ooled for csainiii:ition at  iidiciltcd time. 
t KO. of hours Iwtwerii jiiitid iiifwtioii illlcl titratioii. 

Eiiz?-iiie aetivity : pl 0, uptakv/20 iiiiii./Po iiig dry lung. Substrate : 1 0  ,.LX l i~poxm-  
thiiie/fla sk. 

$ Hemagglutinin titer : Highest dilution of yirus showing coinplete ~iemagSlntiiiatioi1. 
I! Amount of coiisoIidatioii tIeteriniiic(1 by gross macroscopic exmiination aud w o r d  011 3 

0-5 point basis. 
EID50-50% enibryo infectivity cncl point. 

strain) is recorded in Table 11. The animals 
were infected intranasally with 10-100 lethal 
doses of virus, Although the titer of virus in 
the tissue examined for enzyme activity was 
not determined, the presence of 1' 7irus was es- 
tablished by mouse inoculation. In compari- 
son to the PR8 infection, a somewhat greater 
level of enzyme activity was reached on each 
successive day reaching a peak value of 12.4 
on the fourth day. Only 3 of the animals sur- 
vived to the fifth day: the value obtained for 
the enzyme activity of these lungs was 11.4 
which may have indicated a leveling off of 
activity. 

Table I11 shows the changes in xanthine 
oxidase in mouse lung following the adminis- 

tration of Newcastle disease virus (SDY) . 
The mice were given 0.05 ml of infected al- 
lantoic Auid (ID:(, titer for eggs of 10-i*6) by 
the intranasal route. There was a sharp rise 
in enzyme activity alniost reaching a peak 
level within 24 hours and remaining relatively 
constant through the fourth day. while the 
macroscopic consolidation developed grad- 
ually over a three day period. 

For comparative purposes, studies were 
made of the effect of a pulmonary bacterial 
infection on xanthine oxidase. l'irulent Kleb- 
sieZZa pneumoniae, when introduced via the 
intranasal route, produced a rapidly fatal 
pneumonitis. Within 48 hours the lungs were 
almost completely consolidated. and the ani- 

TABLE 11. Clioiigc in 1,ewls of Saiitliiiie Osiclase Actiyity in Xouse Lung after Iiifectioii 
n-itli XI ~ 4 ( +  Piieuiiioiiitis T'irus. 

Timc Group 1" Group 2 Group 3 
(hr) t E.A.: C.4 E.-L c. E.A. c. Aye: E.A. 

0 2.6 
24 6.4 + 
48 11.4 4+ + 
i 2  11.0 4+ 

2+ 
96 14.6 3 +  

3+ 

- 

2.0 
3.6 + + 
s.1 3+ 

2+ 
11).i 3+ 

3+ 
11.8 4+ 

3+ 

2.1 2.2 
3.8 + 5.26 

3.0 3+ 9.16 

10.0 3+ 10. .?ti 

10.9 4+ 12.43 

- 

4- 

3+ 

3+ 

* Group of 1 0  mice, 2 clioseii a t  rniidoiii and pooled for  exsinination a t  indicated tiine. 
t No. of hours between initial injection and assay. 
$ Enzyme activity : , ~ l  0,/20 min./20 nig dry lung. Substrate : 10 pM hypo9aiithiiie/flask. 
Q Consolidation. 
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TABLE 111. Change in Levels of Xaiithine Oxidase Activity in Mouse Lung after Administra- 
tion of Newcastle Disease Virus. 

Time Group 1” Group 2 Group 3 
(h r )+  E.A.S (2.0 E.A. C. E.A. C. AvgE.A. 

0 2.6 
24 10.0 0 + 
48 9.0 4+ 

3+ 
72 11.8 5+ 

0 
96 11.6 + + 

2.0 
8.3 0 + 
8.1 + 

0 
8.9 2+ + 
9.4 5+ 

3+ 

2.1 2.2 
6.5 + 8.26 

3- 
7.7 -5 8.26 + 

4+ 

+ 
7.3 4+ 9.33 

7.0 + 9.33 

* Group of 10 mice, 2 chosen a t  random and pooled for exaniination at indicated times. 
t No. of hours between initial inoculation aid assay. 
$ Enzp ie  activity: ,.J OJ20 min./ZO mg dry lung. Substrate: 10 pM hypoxanthine/flask. 
$ Consolidation. 

mals seldom survived a lethal dose beyond 
this time. Enzyme assays showed that the 
level of xanthine oxidase was increased con- 
comitant with the progressing K .  pneumoniae 
infection: l’alues of 4.0, 5.4, and 6.5 (pl Or 
uptake/20 minutes/20 mg dry lung) at 24 
hours and 5.4, 5.6, and 6.7 a t  48 hours were 
obtained in a typical experiment. These en- 
zyme levels: when compared with the levels of 
lungs infected with influenza virus are com- 
parable a t  the same time intervals; however, 
the maximal levels of enzyme in the influenza 
lungs at  the end of 96 hours, when the lesions 
are more comparable, are about two times 
these values. That the enzyme activity was 
not due to the bacteria present in the homoge- 
nate was shown by testing the organisms for 
xanthine oxidase activity. The strain of K .  
pneumoniae employed in these experiments 
showed almost no activity, and efforts to pro- 
duce an “adaptive” type of ‘this enzyme were 
not successful. The results indicate that in- 
fection of mouse lung with K .  pneumoniae 
produces a severe pneumonitis and gives rise 
to an increase in xanthine oxidase activity. 

The following compounds were employed 
in attempts to produce a sterile pneumonia in 
mice: dilute ammonia, Friedlander’s polysac- 
charide, olive oil, starch, heparin, leukotaxine, 
serum and turpentine. Intranasal, intra- 
tracheal and intrapleural routes of inoculation 
were tried. In  no instance was a pneumonic 
process produced equal in magnitude to that 
produced by virus or K .  pneumoniae. In  10- 
25% of the animals one lobe, or perhaps 2 

lobes, showed some consolidation; xanthine 
oxidase was not increased in these lungs. The 
most successful procedure was that of intra- 
pleural injection of turpentine; a t  the end of 
96 hours some of these lungs showed a mod- 
erate amount of consolidation and a concomi- 
tant increase in xanthine oxidase of about the 
same magnitude as the 48-hour influenza lung. 
Therefore, it is apparent that the increase in 
xanthine oxidase can be elicited in the ab- 
sence of an infectious process and may be the 
result of an inflammatory reaction. 

In order to determine if basic similarities 
existed in the pathology of the lesions pro- 
duced by these various agents, microscopic 
sections were examined. Sections of influ- 
enza lungs showed diffuse interstitial pneu- 
monitis with a mononuclear infiltrate causing 
a thickening of septa1 walls. Necrosis and 
desquamation of the epithelial lining of the 
bronchi and bronchioles were noted. The 
lesions produced by NDV were very similar 
in character although less severe in degree. 
Sections of the lesions produced by K .  pneu- 
moniae and by Nigg pneumonitis virus showed 
severe bronchopneumonia with diffuse areas 
of cellular idltrate,  predominantly polymor- 
phmuclear leucocytes. There was associated 
distortion and destruction of lung architec- 
ture. The mucosae and walls of the bronchi 
and bronchioli appeared to be relatively unin- 
volved although the lumina were plugged 
with exudate. A correlation between lesions 
with characteristic infiltrates and xanthine 
oxidase activity was not found. 
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Discussion. In mouse lungs infected with 
the viruses of influenza and Kigg pneu- 
monitis, a fundamental relationship between 
purine catabolism and virus synthesis is sug- 
gested by an increase in xanthine oxidase ac- 
tivity which occurs during the phase of rapid 
increase in virus concentration and precedes 
the development of maximal macroscopic and 
microscopic lesions. The fact that a similar 
change occurs after XDI' which does not 
multiply in mouse lung( 6!7) might contradict 
such a hypothetical relationship. On the 
other hand, it is conceivable that a change in 
purine metabolism is initiated by invasion of 
the host cell by viral particles whether or not 
subsequent multiplication of the virus takes 
place. Comparative studies of other types of 
injury to mouse lung indicate that infection 
with K .  pneurnoniae, and the intrapleural in- 
jection of turpentine also result in significant 
increases in xanthine oxidase activity. These 
latter findings negate the intriguing possi- 
bility that xanthine oxidase is concerned with 
a phase of nucleic acid metabolism intimately 
related to viral synthesis. The fact that a 
variety of microorganisms capable of produc- 
ing severe and rapidly fatal pneumonias all 
elicit a rapid increase in xanthine oxidase ac- 
tivity remains of some interest. One may ask 
whether or not this represents a biochemical 

disturbance of host-cell metabolism which 
contributes to the over-all disease process. 

Conclusion. Previous observations that. 
xanthine oxidase increases in mouse lung con- 
comitant with influenza virus infection have 
been confirmed and extended. Comparable 
increases in xanthine oxidase also occur in 
murine pneumonitis produced by Nigg pneu- 
monitis virus and by NDV. Comparative 
studies with other types of infection and in- 
jury indicate that infection with K .  pneu- 
moniae and the intrapleural injection of tur- 
pentine also result in significant increases in 
santhine oxidase activity in mouse lung thus 
suggesting that an increase in the level of en- 
zyme is closely associated with injury and 
death to lung tissue. 
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The literature on central nervous system ation and glial cell proliferation are the out- 
lesions in canine distemper has been ade- standing changes while vascular hyperplasia 
quately reviewed by \Yinqvist ( 1 ) . Demyelin- and perivascular infiltrations occur less fre- 

quently. The cerebellum, pons and medulla 
*This investigation mas supported in part by a are the principal sites of involvement. N~ 

research grant from the National Microbiological attempt has been made to correlate the de- 
Institute, of Sational Institutes of Health, Public myelination with localization of the virus. Health Service. 

Gorham for This report describes the demyelination proc- 
performing the in ovo neutralization tests, to Mrs. ess as it Occurs in the and by 
Lillian Frazier for the special stains, and to Mr. means of the fluorescent antibody technic(2) 
L. M. Hardaker for photomicrographs. to demonstrate the sites of viral concentration. 
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