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lation between body weight and liver weight 
may change. 

In clinical malnutrition the fall in plasma 
copper may be due to diminution of globu- 
lin and a fall on ceruloplasmin has been re- 
ported (3) .  If ceruloplasmin is formed in the 
liver as are many other globulin complexes 
then at least in the early stages of experi- 
mental malnutrition there is no lack of suf- 
ficient copper relative to liver and body 
weight to supply the copper for this synthesis. 

Summary. Malnourished rats have a lower 
total liver copper than normal rats. However 
there is no significant change in copper con- 
tent per 100 g liver or per g body weight. 
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Results have been presented(1) of the 
study of concentrations of inorganic and or- 
ganic phosphorus present in the allantoic fluid 
of chick embryos infected with influenza vi- 
rus, Type A. I t  was observed that concen- 
trations of phosphocreatine and total phos- 
phorus were significantly decreased. The 
present work is concerned with the results of 
measuring inorganic phosphorus, phospho- 
creatine, ATP and total phosphorus in muscle 
of mice infected with an asiatic strain of in- 
fluenza virus, A3/Formosa/57, not adapted to 
mice. 

Materials and methods. Animals. One 
group of adult white mice was inoculated i.p. 
with 0.2 ml of normal allantoic fluid; a sec- 
ond group, with allantoic fluid infected with 
the virus (hemagglutinating titer, 1: 1280) 
and a third group, with virus plus specific an- 
tiserum. This last mixture was also inocu- 
lated into chick embryos and infectivity was 
shown to be completely neutralized. The ani- 
mals were sacrificed at  24, 48 and 72 hours 
after inoculation; they were anesthetized with 
pentothal and immersed in a bath of ether 
and dry ice. A piece of frozen muscle from 

the leg was excised and weighed. The mus- 
cIe was deproteinized with 5% cold trichloro- 
acetic acid, and the protein-free filtrate was 
used in the following determinations of phos- 
phorus. 

Phosphorus analyses. a) Inorganic phos- 
phorus: was carried out according to the 
Lowry-Lopez method ( 2 ) .  b) Phosphocrea- 
tine phosphorus: the protein-free filtrate was 
left for 2 hr a t  room temperature and inor- 
ganic phosphorus was measured in an ali- 
quot, according to the method of Fiske-Sub- 
barow (3 ) .  c) A TP phosphorus: hydrolysis 
of the protein-free filtrate was carried out 10 
minutes at 100°C with 1N HCl. P was de- 
termined as in b). d) Total phosphorus: acid 
hydrolysis was continued for 3 hr, then phos- 
phorus determined as in b). 

Muscle glycogen determination. A piece of 
muscle was treated with hot 30% KOH; 1.1 
volume of absolute alcohol was added. The 
mixture was centrifuged and the supernate 
discarded. The precipitated glycogen was hy- 
drolyzed with acid, and glucose determined 
according to Valverde (4). 

An adult rabbit was Specific antiserum. 
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TABLE I. Phosphorus I)eterr~~itiwtior~ (mg of P pcr 100 g of Muscle). 

P fl.01~1 
Hr :iftcir Inorganic. pllospllo- P froni Total 

Inoculuui h o e .  phosphorus t, crcntitiv t ATP t phosphorus t 

Normal a ni nial s 
#F 24 3 1  .Ci k 4.!) 0 

31.6 & 5.B 

18 28.2 2 5.i 1.71 
‘i2 29.4 2 4.2 1.20 

Xoririal a1l:uit. 24 30.9 t 8.9 .29 
flnicl 48 30.8 k 4.0 .49 

‘if R I . i I + ( i . : 3  .03 

#Y + ai l t i -  48 35.2 k 4.1 1.68 
seru111 

33.3 -c- 5.9 
22.3 & 3.1 7.1 
29.8 & 2.8 17.5 
24.4 2 3.6 4.96 
29.6 & 3.7 1.97 
31.6 2 4.0 .75 
29.8 2 3.7 1.9 
“4.7 & 7.9 3.64 

105.7 2 9.8 
89.2 -c 6.0 3.7 
88.3 k 9.6 4.5 
83.8 -t 7.8 5.5 

101.2 8.8 1.0 
111.1 2 8.5 1.3 
104.4 & 7.0 .3 
95.8 ? 7.2 1.40 

inoculated i.m. with 0.5 ml of infected allan- 
toic fluid plus 1 ml of Freund’s adjuvant. 
After 15 days the animal was bled and the 
serum was tested for ability to neutralize in- 
fectivity on chick embryos. 

Infectivity in muscle of inoculated micc. 
Pieces of muscle were taken from mice inocu- 
lated i.p. with influenza virus. They were 
ground in a mortar and extracted with broth. 
After centrifugation, the broth was diluted 
and inoculated into ll-day-old chick em- 
bryos. 

Results. Averages and standard deviations 
of each series (15 or more animals per group) 
of determinations are presented in Table 1. 
A strong decrease in phosphorus from PC, 
ATP and total ester occurred at  24, 48 and 
72 hr after inoculation of infected allantoic 
fluid as shown in Table I. This was not ob- 
served in the control animals. The data for 
muscle glycogen are shown in Table 11. No 
significant differences were found between in- 
fected and the normal animals. The muscle 
extracts inoculated into chick embryos had 

no infectivity. At time of death there was no 
evidence of infection or toxicity in the mice 
of the second or third groups. 

Discussion. Several authors have found al- 
terations in the phosphorus metabolism of in- 
fected chick embryos, Pappalardo( 5) found 
an increase in creatine and creatinine levels in 
infected allantoic fluids. Parodi ( 1 ) observed 
a strong decrease in phosphocreatine, inor- 
ganic phosphorus and total acid soluble phos- 
phorus in infected chick embryos. 

In the present work a decrease was found 
in phosphocreatine, ATP, and total acid sol- 
uble phosphorus in mice inoculated i.p. with 
influenza virus. Control animals inoculated 
with normal allantoic fluid did not show any 
alteration from normal values. Muscle from 
infected animals proved not to be infective. 
Moreover no variation was found in muscle 
glycogen in infected animals. As already 
known phosphocreatine is the source for ATP 
resynthesis. Thus a decrease in both values 
could be the result of inhibition of phospho- 
creatine synthesis. A similar effect has been 
found in iodoacetate “poisoned” muscle. In 
this case glyceraldehyde-3-phospho-dehydro- 
genase is inhibited, as is the resynthesis of 
ATP from ADP. 

Since muscle manifested no infectivity it is 

‘I‘ABIX 1 I.  (;lyvcogen L)ctcrniiii:ition ( 1 1 1 ~  of (;I:- 
coyeri per 100 g of Musclc). 

Glycogen 
Inoc~ulunl H r iiiiti III;IS 

- 

#F 

N.A.F. 

cot1 t rols 

possible to attribute this action to virus toxi- 
city. Until recently toxicity was considered 
to be due to the entire virus particle. But 
Kato and Okada(6) have found that sonic 
disintegration of influenza virus results in an 
increase in toxic activity of filtrates, in spite 
o f  the loss of infectivity. They suggested 
that toxicity is due to a protein or a lipopro- 
tein strongly bound to the hemagglutinin, but 
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a small part of it remains with the s antigen. 
Henle and other investigators reported that 

toxic activity of the total virus particle is neu- 
tralized by the specific antiserum. In our 
experiments, however, only the decrease in to- 
tal phosphorus was neutralized by the specific 
antiserum. 

A similar variation in phosphocreatine level 
was found by Pinchot and Bloom(7) after in- 
oculating diphtheria toxin into rats subcu- 
taneously, but this action was neutralized by 
the antitoxin. 

Perhaps the toxic activity observed in our 
work can be attributed to one of the virus 
components against which antiserum has no 
action. On the other hand, the possibility of 
an interferon action must be considered. It 
is already known that normal cells inoculated 
with interferon increase their oxygen uptake 
and their lactic acid production, but glycoly- 
sis is related to ATP production. It seems 
fair to suggest that this is the way interferon 
acts against the virus, lowering the ATP level, 
so that virus synthesis cannot be accom- 
plished(8). In any event interferon pro- 

duced by the inoculated animals could be the 
agent responsible for the ATP and phospho- 
creatine decrease. 

Conclusions. 1. Analysis of inorganic 
phosphorus, phosphocreatine, ATP and total 
acid soluble phosphorus was carried out in 
white mice previously inoculated with influ- 
enza virus and also in control animals. 2. A 
significant decrease was observed in muscle 
phosphocreatine, ATP and total phosphorus 
in the infected animals. 
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Effect of Adrenalectomy and Clorticoid Replacement on Lactational 
Performance in Rats.*+ (27514) 

R. R. ANDERSON$ AND C. W. TURNER 
College of Agriculture, University of Missouri, Columbia 

Importance of adrenocortical hormones in 
maintenance of lactation has been( 1-4) uni- 
equivocally substantiated in adrenalectomized 
rats. Levels of corticoids required for com- 
plete maintenance of lactation have been 
found to be 0.85 mg cortisone acetate 
and 0.36 mg desoxycorticosterone acetate 
(DOCA) per day in rats adrenalectomized on 
day 4 of lactation as judged by absorption of 
pellet implants( 5 ) .  On daily injection basis, 
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Series No. 2395. Approved by the Director. 
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1.1 mg cortisone and 0.43 mg DOCA per day 
maintained normal lactation( 6). 

Maintenance of normal lactation in adren- 
alectomized rats was accomplished with 3 mg 
DOCA per day while 0.1 or 1 mg were not 
sufficient (3). Maintenance of lactation in 
rats a t  SOY, of normal was obtained with 0.46 
mg cortisone per day( 2 ) .  However, other in- 
vestigations found that 0.5 mg 1 l-dehydro- 
corticosterone or 0.47 mg cortisone did not 
maintain lactation(4). 

9~Chlorocortisol a t  100 pg per day main- 
tained almost complete lactation ; aldosterone 
at  50 pg per day maintained lactation at 
a lower level ( 7 ) .  9n-fluorocortisol acetate at 
200 pg per day maintained normal lactation 




