
thyroid tissue, some quantitative dimensions 
may be assigned to the free inositol in this 
species. Since average dry weight of sheep thy- 
roid gland constitutes 20.3 & 3% of wet 
weight ( 7 ) ,  the average inositol level of 3 5 5 
rng/lOO g observed in the present study would 
account for 1.7% of dry weight of ovine thy- 
roid. In terms of ultimate disposition, only a 
small fraction of this free inositol need be 
necessary for incorporation into phospho- 
inositide. For example, lipid phosphorus in 
the sheep thyroid averages 191.5 pg P/g wet 
weight and 970 of this is present in the phos- 
phoinositide ( 2 ) .  Thus, assuming that thy- 
roid phosphoinositide is a monophosphoino- 
sitide, its inositol content maximally would 
equal only about 0.3% of free inositol. 

For the moment, the physiological signi- 
ficance of free myo-inositol in thyroid tissue 
is unclear, nor has it been determined whether 
the thyroid can concentrate or synthesize in- 
ositol. Eagle has demonstrated the role of 
myo-inositol as an essential growth factor in 
tissue culture (8). Tissue analyses in rats? 
guinea pigs and rabbits (to be published else- 
where), have indicated that free myo-inositol 
is significantly more abundant in thyroids of 
these species than in salivary gland, heart, 
liver, spleen, kidney cortex, adrenal: pancreas, 
testicle, ovary, lung, mammary gland and 
diaphragm. Screening studies of multiple tis- 
sues have indicated some correlation between 
levels of free inositol and protein elaboration. 
Thus? conceivably, the abundant myo-inositol 
within the thyroid could be linked to the ac- 
tive intrathyroidal accumulation of amino 
acids (or other anions such as iodide), protein 

synthesis, or secretion of t hyronines. A1 ter- 
natively? in view of known conversion of in- 
ositol to glucuronic acid(9,lO) some of the 
free myo-inositol within the thyroid might be 
implicated in active formation of in trathy- 
roidal mucopolysaccharides ( 1 1 ) . Experi- 
mental efforts to assess these and other possi- 
bilities and to correlate inositol levels with 
thyroid activity are in progress. 

Summary. Bioassay with Kloeckera Brevis 
yeast has been employed to measure content 
of free myo-inositol in human, rat, rabbit, 
sheep and guinea pig thyroid glands. In all 
species, thyroid/plasma concentration differ- 
entials for free myo-inositol were greater than 
100. Chromatographic documentation has 
also been secured, and the possible signifi- 
cance of the abundant intrathyroidal myo- 
inositol has been discussed. 
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Propagation of Canine Distemper (CD) Virus in Tissue Culture. (24694) 

V. J. CABASSO, K. KISEK AND M. R. STEBBINS (Introduced by H. R. Cox) 
I‘fral and Rickettsia1 Research Section, Lederlc Labs., American Cyanamid Co., PParl River, N .  Y 

Repeated attempts by the authors to grow report of a successful attempt has come to our 
CD virus (canine distemper virus) of dog or attention, among numerous publications in 
ferret origin in tissues of those 2 species the past 5 years on tissue-culture propagation 
yielded essentially negative results. Presum- of many different animal viruses. This com- 
ably experience of others has been similar; no munication describes the successful propaga- 
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tion in chick-embryo tissue culture of chick- 
embryo-adapted CD virus, with no evidence of 
cytopathogenic effect.” 

Materials and methods. Virus strains. 
American Cyanamid (Lederle) strain of 
chick-embryo-adapted CD virus ( 1) was 
used. Experimental ferrets were challenged 
with American Cyanamid (Lederle) stock 
strain of virulent CD virus(2). Tissue 
culture. The virus was serially passed in 
stationary tube cultures of trypsinized 
total chick-embryo tissues (9 - day - old 
embryos) prepared essentially by the method 
of Dulbecco and \‘ogt( 3 ) .  Povitsky bottle 
cultures of same tissue were used for virus 
pools for dried experimental vaccine. Growth 
medium for both cultures was Eagle’s solution 
(4) containing 10% horse serum, in amounts 
of 1 ml/tube and 100 ml,/Povitsky bottle. 
After 24-hour growth a t  3 7 O C, cultures were 
renewed with mixture 199( j ) ,  and thereafter 
no changes were made. Virus titrations. 
Live 7- or 8-day-old chick embryos were in- 
oculated on the chorioallantoic membrane 
(CAM) by the technic described by Gorham 
(6) .  Six embryos were inoculated with 0.2 ml 
doses of each serial 10-fold dilution of infected 
tissue-culture fluid. After 7 days incubation at 
35”-36”C, results were recorded by removing 
the top of each CAM and examining it under 
a strong light for lesions. Infected mem- 
branes were thickened and showed the opaque 
foci associated with American Cyanamid 
(Lederle) strain of CD virus. Fifty-%-chick- 
embryo-infective end points ( CEDSU) were 
calculated by the Reed and Muench formula 
( 7 ) .  CD dog immune S P I ’ U ~ .  To prepare 
serum, a susceptible puppy was injected sub- 
cutaneously with 2 ml of a 30% CD-infected 
CAM suspension. Repeated titrations of this 
serum by the neutralization method gave val- 
ues between 10-3.0 and 10--4.0 against virus 
CEDBO’s of 20 to 200. Before use in the neu- 
tralization test, both immune and normal sera 
were inactivated a t  56°C for 30 minutes. 

* The following article, on cultivation of a “street” 
strain of CD virus in dog kidney tissue culture, 
came to the attention of the authors of this manu- 
script after it had been submitted for publication. 
Rockborn, G. Canine Distemper Virus in Tissue Cul- 
ture, Archiv Virusforsch., 1958, v8, 485. 

Meutralization test. Triple sets of 10-fold di- 
lutions of infected tissue-culture fluids were 
prepared in hormone broth. Dilutions of the 
first set were mixed with equal volume of hor- 
mone broth, the second set with equal volume 
of 1:8 dilution of CD immune dog se- 
rum, the third set with equal volume of 1:8 
dilution of normal dog serum. After 
standing a t  4°C for 4 hours, each mixture 
was inoculated in doses of 0.2 ml on the CAM 
of 6 chick embryos, as described above. After 
7 days incubation at  35”-36”C, results were 
recorded and 50% endpoints calculated, as 
also described above. Susceptible ferrets. 
These were procured and maintained under 
the same conditions of strict isolation reported 
previously (2).  

Results. Serial propagation of CD virus 
i i i  tube cultures. The 48th passage of CD 
virus in live embryos was inoculated into 10 
chick-embryo-culture tubes, 0.1 ml of a 40%- 
infected CAM suspension/tube. Tubes were 
incubated a t  3 7 O C and examined microscopic- 
ally for 7 days. KO gross cytopathogenic ef- 
fect was observed. Monolayers then were 
detached into the fluid, pooled, and ground in 
‘Tenbroeck grinder. The undiluted suspen- 
sion was inoculated on the CAM of chick em- 
bryos, 0.2 ml/egg. A second tissue-culture 
passage then was made in 10 new tubes, 0.2 
ml of suspension/tube. Again virus was de- 
tected in the inoculated embryos, but no cyto- 
pathic changes occurred in tissue-culture pas- 
sage. Serial transfers were continued in the 
same manner every 7 days for 14 passages. 
Xone showed cytopathogenicity, but in undi- 
luted form all produced on the CAM lesions 
characteristic of CD virus. 

From 15th passage on, in total of 64 pas- 
sages, all without cytopathology, tissue-cul- 
ture harvests were not inoculated as undiluted 

TABLE I. Optimum Time of Harvest of CD Virus 
Propagated in Chick-Embryo-Tissue Culture. 

CED,,/ml 
Day of Passage level 
harvest 19th 20th 

4 2.9” 4.2 
5 1.9 3.4 
6 2.7 2.4 
7 2.4 3.2 

* Power of 10. 
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TABLE 11. Serum Neutralization Results of Tissue-Culture-Grown CD Virus, and 1st Chick- 
Embryo Passage Thereof. 

Passage level: CEDJml 

Tissue culture 1 chick-embryo passage 
Tissue culture plus 

Virus suspension 
plus : 21st 34th 55th 21st 34th 55th 

Sterile broth 3.4" 3 3 4 4 4 
Normal dog serum 3 3.5 3 4 3.5 3.7 
CD-immune dog serum < 1 <1 <I <1 <1 <1 

* Power of 10. 

suspensions but, instead, were titrated in the 
chick embryo. Titers ranged from 1V.l to 
105-2/ml, the majority falling between 103*0 
and lo4+.". These values are of the same or- 
der as those obtained with CAM suspensions 
of infected live embryos. 

To determine optimum time of harvest, 
tissue cultures of 19th and 20th tissue-culture 
passages were titrated after 4, 5, 6 and 7 days 
of incubation. Since results (Table I )  indi- 
cated that maximum virus yields are reached 
in 4 days, subsequent passages were harvested 
routinely on 4th day. 

The tissue-cultured virus was identified by 
the neutralization method and by ferret im- 
munization. 

Serum neutralization. Results of this test 
(Table II), performed a t  3 different transfer 
levels of the virus, in tissue culture and on 
CAM suspensions derived from their first 
back-passages in live chick embryos, prove 
unequivocally the immunological identity of 
the tissue-culture-propagated agent with the 
original chick-embryo-adapted CD virus. 

Ferret immunization. Two normal ferrets 
were each inoculated intraperitoneally with 1 
ml of undiluted suspensions of 22nd and 34th 
tissue-culture passages. These animals re- 
mained normal for 3 weeks and then they and 
2 normal control ferrets were challenged, also 
intraperitoneally, with virulent distemper 
virus. 

Later, the 42nd tissue-culture passage was 
diluted in 10-fold steps and 1 ml of each di- 
lution, from undiluted through was in- 
oculated intraperitoneally into 3 normal fer- 
rets. During the next 3 weeks 2 ferrets (10-2 
and groups) died of pneumonia. The 
others remained normal, and, together with 2 
normal controls, were challenged with viru- 
lent CD virus. Results of both experiments 

(Table 111) , recorded 26 days after challenge, 
also established the identity of the tissue-cul- 
ture agent With CD virus. Control animals 
died of typical distemper, but all others sur- 
vived, whether they had been injected with 
150,000 or as few its 1.5 CED50's. 

Experimental vaccines. Three experimental 
lots of vaccine were prepared, 2 from 3 r d  
and one from 34th serial passage of the virus. 
Povitsky-bottle cultures were inoculated with 
10 ml of infected tissue-culture suspensions 
representing these passages, and harvested 4 
days later. Harvests were ground in Waring 
blendor for 2 minutes, distributed in 2 ml 
amounts in glass vials, and dried from the 
frozen state. Virus titrations made on fresh 
harvests and after lyophilization indicated an 
average loss of about 1 to 1.5 logs as a result 
of drying (Table IV). Nevertheless, all 3 
preparations were shown in ferret immuniza- 
tion tests to be effective vaccines. 

TABLE 111. Immunization of Ferrets with T i s  
sue Culture CD Virus. 

Challenge results 
No. dead from 
challenge/total 
No. challenged 
Immu- Inoculum 

Exp. Passage dilution CED., nized Control 
No. level ( l m l )  inj. ferrets ferrets 

22 Undil. 2.9" 0/2 2/2 
34 9 ,  3.4 0/2 

10-1 4.2 0/3 
10" 3.2 0/2$ " 

10-3 2.2 0/3 
lo-' 1.2 0/2$ 
lo6  .2 0/3 

1 

2 42 5.2 1/2t$ $ 9  

* Power of 10. 
t One ferret died of pneumonia 10 days after 

challenge ; no distemper symptoms. 
$ Immunized ferrets which died of inter-current 

infection before challenge and showed no distemper 
symptoms were omitted from Table, 
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TABLE IV. Titers of Fresh and Post-Drying Es 
perinieiital Vaccines Prepared in Chick-Embryo 

Tissue Culture. 

Vacciiie Passage 7 CEDso/ml 
lot No. level Before dryiiig After drying 

33 3.7“ 2.7 13A 
14A 33 3.7 -.- 

34 4.2 3 . 2  15A 

* Power of 10. 

.> . I  

- 

Lots 13A and 14A were reconstituted to 
volume with sterile distilled water ancl. with- 
out further dilution, each was injected intra- 
peritoneally into 3 normal ferrets in 1 in1 
doses containing. respectively. 500 or 150 
CED;,,,’s. Lot 15A. in addition to similar 
administration to 6 ferrets in undiluted form. 
also was injected into 3 ferrets each as a 10 ’. 
10” and 10 :: dilution, in 1 ml doses contain- 
ing from 1,500 to 1.5 virus CED:,,’s. Table 
V shows that, while normal challenge control 
animals died of the experimental disease. all 
immunized ferrets survived, regardless of num- 
ber of CEI>,(,’s of tissue-culture-propagated 
virus injected. 

Discussion. Despite continued failure to 
grow CD virus of dog or ferret origin in cul- 
tures of tissues from these species. a chick- 
embryo-adapted CD virus was propagated 
successfully in chick-embryo-tissue culture for 
64 serial transfers. The observation that gross 
cytopathology did not accompany virus mul- 

~~ 

* Power of 10. 
t One ferret died of iiitc~r-c~iirrcwt iiifwtioii ; n o  

distcmpr symptoms, 

tipication is not unique. Possibly histological 
studies, including use of the fluorescent anti- 
body technic, would reveal changes indicative 
of cellular infection. Such studies are under 
considera tion. 

The tissue-culture-grown virus remained an- 
tigenic for the ferret through a t  least 42 pas- 
sages, a t  remarkably low virus CED5o (0.15 - 
Table 111). This observation suggests that 
while the chick-embryo CAM is of great prac- 
tical value, it is less sensitive than the ferret 
for detection of minute amounts of CD virus, 
and that, as presently used, the CAM fails to 
reveal the entire virus content of infected 
preparations. 

Summury. A chick-embryo-adapted canine 
distemper virus was propagated successfully 
for 64 passages in cultures of total chick-em- 
bryo tissues. As measured on the chorioallan- 
toic membrane of live chick embryos, average 
virus titers of these passages ranged between 
10:j.O and 104..?/ml infected culture suspension. 
These titers are of the same order as those ob- 
tained with live-chick-embryo-grown virus. 
Identity of tissue-culture-grown agent with 
original CD virus employed was established 
by virus neutralization method and by ferret 
immunization. Effective freeze-dried vaccines 
were produced with different passage levels of 
t issue-cul ture-grown virus. 

The authors wish to express their appreciation to 
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tion of manuscript. 
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