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TABLE V. Radioactivity Recovered from Rats  Given 1 mg Tritiated D (Expressed in  dpm). 

24 hr 7 days 14 days 21 days 28 days 

I 

Organs 1.4 x 107 8.4 X 6.4 y 106 4.4 x 106 3.5 x 106 

Blood 8.3 x 10 7.6 X 10’ 2.4 x 105 2.5 x 105 2.2 x 106 
Urine 2.0 x 107 2.4 x 10’ 3.7 x 107 3.4 x 107 3.7 x 107 

Total radioactivity 8.9 x lo7  3.6 X los  4.4 x 105 5.3 x 10s 5.5 x 10s 

Intestinal contents 2.1 x lo7  3.9 x 10‘ 6.7 X 10” 3.2 X 10% 1.7 X lo6 

Feces 3.4 x 107 2.9 X l o s  3.9 x 105 4.8 X l o s  5.0 X lo8 

of dose recovered 13 54 66 79 82 

high quantity of tritiated material was found 
in fatty tissue, suggesting that fat may 
serve as depot for the slow release of D. 
Radioactivity appeared in the blood one min- 
ute after the intramuscular injection of D 
in oil. The maximum concentration appeared 
within 15 minutes and was circulating 28 
days after the material was given. Approxi- 
mately 82% of the total radioactivity given 
was recovered on day 28. 
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Development and Characteristics of h e  Rabbit Kidney Cell Strain, 
LLC-RK,* (30044) 

ROBERT N. HULL, ARTHUR C. DWYER, WILLIAM R. CHERRY AND 
0. JEANNETTE TRITCH 

Lilly Research Laboratories, Indianapolis, Ind .  

Primary rabbit kidney cell cultures have 
been found useful for cultivation of some 
viruses, and, in particular, those in the herpes 
group. One strain of embryonic rabbit kid- 
ney cells ERK-1 developed by Westwood 
et al( 1)  was described as being sensitive to 
poliovirus following a “transformation” which 
occurred. The attempt to establish a strain 
of rabbit kidney cells in our laboratory was 
initiated in 1959 for the dual purpose of pro- 
viding the laboratory with such a cell strain 

*Strain LIJC-RK1 is now under study by the 
Cell Collection Committee of the Tissue Culture As- 
sociation as a candidate strain for replacement in 
the American Type Culture Collection. Until such 
placement is made, the culture is available only 
from our laboratory. The supply is restricted to those 
investigators who !agree, upon receipt, not to fur- 
ther distribute the culture. 

and to attempt duplication of the finding 
of Westwood et al. 

Material and methods. Tissue cultures. All 
rabbit kidney tissue cultures were prepared 
by trypsin dispersion of the kidney cells from 
3-week-old New Zealand white rabbits by a 
procedure essentially the same as that de- 
scribed by Younger ( 2 ) .  Medium 199 ( 3 )  
supplemented with horse serum was used as 
a nutrient. Culture populations were quan- 
titated by the nuclei enumeration procedure 
of Sanford et a l ( 4 ) .  

Viruses. All viruses employed in this study 
were from stocks carried in these laboratories 
as tissue culture adapted strains. Virus titra- 
tions were performed by inoculation of 0.5 
ml quantities of log dilutions of virus into 
each of 10 cultures/dilution. Titers were de- 
termined by the calculation of 50% end- 
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points by the method of Reed and Muench 
( 5 ) .  

Results. The kidneys from several 3-week- 
old rabbits were trypsinized, pooled, and 
planted in tube cultures on October 28, 1959. 
The cells were nourished with medium 199 
containing 5% horse serum and 100 units of 
penicillin and 100 pg of streptomycin/ml 
were added. The cell planting medium con- 
tained 0.42 gJliter of sodium bicarbonate. A 
medium change was made after 2 days of 
incubation, and the sodium bicarbonate con- 
tent was increased to 1.68 gJliter Nine days 
after planting the culture medium was again 
altered to contain 2.1 g/liter of sodium bi- 
carbonate, and the horse serum was replaced 
by 6.25% rabbit serum. Following an addi- 
tional week’s growth with 3 medium changes, 
4 of the original tube cultures were tryp- 
sinized, pooled, and subcultured to 4 tubes. 
The medium was again modified to contain 
5 %  rabbit serum and 1.12 g/liter of sodium 
bicarbonate. At approximately 2-week inter- 
vals, additional subcultures were made until 
passage no. 6 was obtained. At this point 
5% horse serum was added in place of the 
rabbit serum supplement in the medium. The 
strain was continued henceforth as a stock 
culture and is currently in its 201st passage. 
The use of antibiotics in the medium on stock 
cultures was discontinued after the 53rd 
passage. 

On a routine basis, cultures of strain LLC- 
RK1 were split 1 to 4 at weekly intervals 
with medium changes performed every other 
day. Following this procedure, a 16-ounce 
bottle culture with a floor area of 98 sq cm, 
contained 30-40 million nuclei following 1 
week’s growth. When growth was allowed 
to continue for 15 days, a total population 
of nearly 801 million nuclei was obtained. A 
typical growth curve in T-15 flask cultures 
is seen in Fig. 1. In this instance, starting 
with a population of 101,111 nuclei, a maxi- 
mum population of 4,722,221 nuclei was 
reached following 14 days’ growth. This rep- 
resented a 46.7-fold increase with a genera- 
tion time of 60.7 hours. It appeared that 
the cultures did not reach log phase growth 
until the 8th day. 

In the preparation of tube cultures for 
assay work, i t  was determined that a minimal 
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FIG. 1. Growth curve of strain LLC-RK, in 
T-15 flask cultures. 

inoculum of 100,000 nuclei/tube was neces- 
sary in order to have sufficient growth of 
cells for use 3 days hence. Inocula of 50,000 
nucleiJtube required 7 days’ incubation to 
produce adequate cell sheets, while inocula 
of 25,000 or less failed to proliferate in the 
medium under the conditions employed. On 
the basis of the bottle cultures, population 
figures reported above, one 7-day-old 16- 
ounce bottle stock culture can provide inocula 
for 3OU-400 tube cultures. 

Strain LLC-RK1 was tested frequently for 
PPLO contamination but all such assays were 
negative. Likewise, there was no evidence 
of any viral or other microbial contamination. 
The cells became vacuolated when cooled to 
room temperature for several days, but all 
efforts to demonstrate the presence of a viral 
agent by subinoculation into other cell types 
and into primary cultures of rabbit kidney 
cells failed. Fixed and stained cultures 
showed no abnormalities indicative of a virus 
infection. 

According to Vara and Pesonen(6) the 
diploid number of chromosomes for rabbit 
cells is 44. Counts obtained from the cell 
strain averaged very close to that number. 
At the 192nd passage level, chromosome 
counts were in the range of 39-46 with an 
average of 42. Average counts obtained on 
earlier passages ranged from 40-46. 

The malignant potential of strain LLC- 
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RK1 was assessed by inoculation of baby rab- 
bits and suckling hamsters. This phase of 
the study is only briefly summarized as many 
of these tests are still in progress. A total of 
14 rabbits was inoculated either intracere- 
brally or intramuscularly ( IM)  with viable 
cells from passage levels 22, 28, 155 and 191. 
Some rabbits died while on test, but no evi- 
dence of malignancies was detected in any 
of these animals by gross and histopatho- 
logical examinations. Some of these rabbits, 
still surviving, have been observed for over 
1 year and have remained free of tumors 
or obvious malignant disease. Four young 
rabbits inoculated IM with the 191st passage 
cells were surviving and without evidence of 
tumors after 2% months observation. Ninety- 
six suckling hamsters were inoculated sub- 
cutaneously in the interscapular area with 
cells a t  passage levels 163, 165, and 167. 
Many of these were lost during the first 3 
weeks primarily due to cannibalism by the 
mothers. A total of 17 inoculated hamsters 
have been held for periods of 8-10 months 
without incidence of malignant disease. Those 
which died were all negative for malignancy 
by gross and histopathological examination. 

The morphology, growth rate, chromosome 
number, and virus susceptibility of strain 
LLC-RKI remained reasonably stable 
throughout its growth in vitro. Particular 
attention was given to the possible develop- 
ment of sensitivity of the cell strain to polio- 
virus. The strain was observed for its ability 
to support the growth of type I poliovirus 
a t  the following culture passage levels: 7, 
10, 11, 12, 16, 19, 21, 24, 32, 36, 40, 55, 
56, 60, 65, 90, and 91. In  some instances, 
non-specific cell damage occurred which was 
probably due to toxic effects, as such cyto- 
toxicity could not be passed. Back titrations 
in monkey kidney cells of supernatant fluids 
from cultures showing such cell damage failed 
to provide evidence for virus proliferation. 

Like primary rabbit kidney cells (pRK), 
strain LLC-RK1 is highly susceptible to 
viruses of the herpes group. A comparison 
of the sensitivity of the cell strain to that 
of pRK for B virus and Herpes simplex is 
seen in Table I. Tn this series of 8 titrations, 
strain LLC-RK, was equally as sensitive as 
the primary cultures to infection with these 

TARTIE I. Comparative Sensitivity of Strain 
LIL-RK,  and Primary Rabbit Kidney Cultures 

to B Virus and Herpes Simplex. 

B virus Herpes simplex 
TcstNo.* pRK LLC-RK, PRK LLC-RK, 

1 
3 
3 
4 
5 
(i 

8 
I 

A vg 

6.0 
5.5 
8.0 
m r  i .*I 
6.3 
5.8 
6.2 
6.1 
(j.4 

6.0 
5.6 
8.0 
6.5 
6.2 
6.0 
6.0 
5.6 
(5.2 

8.5 
6.0 
6.5 
G.6 
6.6 
G.5 
7.5 
6.5 
6.8 

8.5 
6.0 
6.5 
6.8 
6.3 
6.5 
7.0 
7.0 
6.8 

* The sainc lot of virus W:IS not used in all as- 
says. 

2 viruses. The cytopathic effect (CPE) , how- 
ever, in cell strain cultures inoculated with 
terminal dilutions of the viruses was delayed 
by 1-2 days in comparison to its time of 
appearance in pRK. The Herpes simplex 
virus produced the typical large multinucle- 
ated giant cell type of CPE generally associ- 
ated with this group of viruses, but the strain 
of B virus employed did not do so. Similar 
observations were made in pRK cells in- 
fected with this virus. In  monkey kidney 
cells, B virus uniformly produced the multi- 
nucleated giant cell type of CPE, but the 
CPE elicited by the virus in either pRK or 
LLC-RK1 cells consisted mainly of a round- 
ing and clumping of cells very much like the 
CPE seen in cultures infected with adeno- 
viruses. 

A number of viruses other than those be- 
longing to the herpes group were tested for 
growth in strain LLC-RK,. Of 24 different 
viruses studied, 10 were found to produce 
a CPE and to proliferate in this cell strain. 
Table I1 identifies the agents studied and 

TABLE 11. Virus Spectrum of Cell Strain LLC- 
RK,. 

Son-susceptible to : Susccpti1)lc to  : 

Poliovirus I 
Cossnckie €3-5, A-9 
K(:HO 4, 9, 10 
JI cnslcs 

Pnrainfluenza 1 
Asian influenza ( J a p  305) 
I iiflriciiza B (Maryland) 
Adciiovi rus 2 
V;iricella 
Vesicular stomatitis 

31 nmp s 
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indicates the results obtained. Three addi- 
tional herpes viruses are listed under the 
susceptible column including: pseudorabies, 
the marmoset agent recently described by 
Holmes e t  d( 7 )  and by Melnick e t  aZ( 8)  , 
and SA 8, a vervet monkey virus reported 
by Malherbe and Harwin(9). Although the 
cell strain was not directly compared to 
pRK, or other cell types, in reference to 
sensitivity to these viruses, i t  was found to 
be quite adequate for growth and assay pur- 
poses. Titers of los or greater/0.5 ml were 
frequently obtained. Strain LLC-RK1 was 
employed in one study to produce an experi- 
mental pseudorabies virus vaccine which was 
demonstrated to be protective in cattle. 

SA-1 is a virus of vervet monkeys first 
isolated by Malherbe(9). It is a “foamy 
virus” essentially identical to F.V.l of rhesus 
monkeys described by Rustigian e t  a2( 10).  
SA-1 grew to titers of 102-103J0.5 ml in 
strain LLC-RK1 and produced the typical 
large syncytial masses characteristic of this 
group of viruses. The cell strain, however, 
was slightly less susceptible to this virus than 
were primary cultures of vervet monkey kid- 
ney cells. 

Strain LLC-RK1 was used routinely in the 
laboratory for cultivation and assay of the 
A-1 hepatitis virus reported by O’Malley et 
aZ( 11) and for the RRV agent described by 
Hartley and Rowe(l2). The A-1 hepatitis 
virus produced a rather non-descriptive type 
of CPE reaching titers of los or greater/0.5 
ml in some instances. An 8-101 day assay was 
necessary to determine the final titer of a 
given pool of virus. The RKV virus grew 
slowly; 10 days or more of incubation were 
necessary for development of CPE even from 
an inoculum of undiluted virus. Virus titra- 
tions were held for 14 days. Maximal titers 
obtained with the RKV agent were in the 
order of 104/0.5 ml. The CPE of this virus 
was very much like that produced by S.V.40 
virus in vervet monkey kidney cells. Many 
small vacuoles appeared in the cytoplasm 
of infected cells and eventually these areas 
of the culture underwent necrosis. 

The possibility of using strain LLC-RK1 
for growth of rubella virus was suggested by 
the report of McCarthy et aZ(13) who re- 
ported the growth and assay of rubella virus 

in the RK-13 rabbit kidney cell strain de- 
veloped by Beale at Glaxo Laboratories. Ru- 
bella virus was successfully cultured in LLC- 
RK1 cells and was carried through 14 serial 
passages. Titers up to 104.5/0.5 ml, as de- 
termined by the vervet monkey kidney inter- 
ference test, were obtained, Rubella virus 
produced some CPE in the rabbit kidney cell 
strain. Detailed studies will be published 
later. 

Of those viruses which were found not to 
be infectious for LLC-RKI cells, some pro- 
duced cytotoxic effects, but no virus mul- 
tiplication occurred. This was especially true 
for adeno-, measles and ECHO 10 viruses. 

Discussion. Strain LLC-RK1 was carried 
in continuous culture for a period of 5 years. 
During this time, there was no alteration 
of cell growth or morphology or of other 
properties which would indicate a “trans- 
formation” of the culture. In  this respect, 
our experience in the development of a rabbit 
kidney cell strain was unlike that described 
by Westwood et aZ(1). The latter authors, 
however, initiated their strain from cells of 
embryonic rabbit kidney while strain LLC- 
RK1 was derived from the kidney of newborn 
rabbits. Doubt, however, has been registered 
in the reports of Brand and Syverton(l4) 
and of Coombs e t  aZ(15) that ERK-1 is a 
rabbit cell strain. 

Reports such as those mentioned above 
have suggested that many continuously prop- 
agated cell strains, either through contamina- 
tion with other cell types or by mislabelling, 
have lost their original species identity. Brand 
has made a compilation of such findings ( 16) .  
Thus, it  is now necessary to confirm the 
identity of all cell strains described in the 
literature. We have described( 17) a method 
for identification of 22  cell strains maintained 
in our laboratory by taking advantage of 
their varied sensitivities to a selected group 
of viruses. In  this respect, it was noted that 
strain LLC-RK1 was similar to the rat tumor 
strain, LLC-WRC25G. More recent investiga- 
tion, however, has revealed that these 2 
strains can be distinguished by the sensitivity 
of LLC-RK1 to rubella virus. The rat strain 
also is highly malignant for baby rats which 
is not true for strain LLC-RK1. The chromo- 
some number of these 2 strains is also very 
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similar as the rat strain has a model number 
of 41. Cells of the rat strain which was 
derived from the Walker rat carcinoma, how- 
ever, contained the large metacentric marker 
chromosome characteristics of this tumor. 
The average chromosome number for strain 
LLC-RK1 is also very close to the diploid 
number of 42 for monkey cells and fairly 
close to the 46 of human cells. The virus 
spectrum of strain LLC-RK1, however, is 
quite unlike that of either of these 2 species. 
Thus, although we have not offered immuno- 
logical proof a t  this time that strain LLC- 
RK1 is of rabbit origin, we feel that the 
other characteristics described serve to differ- 
entiate it from any of the other strains car- 
ried in our laboratory with which it might 
have become contaminated or otherwise con- 
fused. 

The pH, or amount of sodium bicarbonate 
buffer, in the culture medium was found to 
be important for optimal cultivation of this 
cell strain. A pH of 6.9 obtained by inclu- 
sion of 1.12 g/liter of sodium bicarbonate 
was most satisfactory for initiation of cell 
growth. After the cell sheets were developed 
and while the cultures were used for virus 
growth, or assay, the cells were maintained 
best with a sodium bicarbonate concentra- 
tion of 1.68 g/liter. Growth of B virus and 
Herpes simplex was enhanced by further in- 
creasing the buffer content to 2.1 g/liter, 
although this level was not optimal for main- 
tenance of good cell sheets. Frequent medi- 
um changes were necessary in the growth 
phase of the cultures. Tube cultures on virus 
assays were maintained up to 5 days without 
intermediate medium renewals, but if assays 
were to be held for longer periods, medium 
changes at  5-day intervals were found neces- 
sary for continued survival of the cultures. 

This rabbit kidney strain proved useful 
for the study of a number of viruses. I t  
compared quite favorably with pRK for 
growth and assay of the herpes virus group. 
Further, the cell strain was successfully em- 
ployed for recovery of Herpes simplex virus 
from human infections. I t  was used in prepa- 
ration of an experimental pseudorabies virus 
vaccine which was field tested in cattle. Con- 
ceivably, it could be used to advantage in 
the growth of some viruses for production 

of vaccine for human use. Studies to date 
have failed to show any malignant tendencies 
of the strain and no adventitious agents have 
been isolated from it. 

Summary. A strain of rabbit kidney cells, 
LLC-RK1, was developed and carried in 
serial passage for 5 years. I t  maintained a 
near-normal chromosome number and was 
found not to be transplantable to either 
young rabbits or suckling hamsters. It was 
highly susceptible to the herpes group of 
viruses and also supported the growth of 
vaccinia, SA-1, rubella, A-1 hepatitis, and 
RKV. It was insusceptible to the human 
enteroviruses, influenza and parainfluenza, 
measles, mumps, adenovirus, varicella, and 
vesicular stomatitis. 

The authors wish to express their gratitude to 
J. C. Nash, L. A. Dye, G. Butorac and J. H.  Boden- 
miller for technical assistance in performing virus 
assays. We are further indebted 'to G. W. Weaver 
for chromosome preparations and to C. G. Cul- 
bertson for histopathological examinations. 
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Transaminases in Blood, Urine and Cerebrospinal Fluid of Normal and 
Unilaterally Nephrectomized Dogs.* (30045) 

CLAIR M. HIBBS AND E. H. COLES (Introduced by G. K. L. Underbjerg) 
Department of Pathology, Parasitology and Public Health, Kansas State Univ., Manhattan 

Transaminases are intracellular enzymes 
normally found in body fluids as a result 
of the normal catabolic processes and/or 
pathologic processes. Quantitative determina- 
tions of these enzymes have been used exten- 
sively in human medicine to detect cellular 
destruction. The development of simplified 
laboratory procedures for transaminase de- 
terminations has stimulated increased use of 
such tests in the study of animal diseases. 

Serum transaminase levels have been re- 
ported in dogs(2,6,9). However, a few re- 
ports concerning the levels of these enzymes 
in urine and cerebrospinal fluid of the canine 
have been published. 

This study was undertaken in an attempt 
to establish and compare glutamic oxalacetic 
and pyruvic transaminase levels in blood, 
urine and cerebrospinal fluid of control and 
unilaterally nephrectomized dogs. 

Mean serum glutamic oxalacetic transami- 
nase (SGOT) of mongrel dogs was found to 
be 39 t 3.5 units(6) using the method of 
LaDue, Wroblewski and Karmen(4,S). Other 
investigators reported a mean level of 22.7 
t 5.4 Sigma-Frankel units SGOT in dogs 
9 months of age and mean SGOT level of 
18.6 Sigma-Frankel units in the dog ( 2,lO). 
Mean serum glutamic pyruvic transaminase 
(SGPT) levels of 21.8 t 6.2 and 22.5 Sigma- 
Frankel units have been reported ( 2,101). 

Presence of lysed red blood cells in serum 
resulted in greater glutamic oxalacetic trans- 

* Contribuftion No. 200, Dept. of Veterinary Med., 
Agri. Exp. Station, Kansas State Univ., Manhattan. 
Supported in part by research grant from Mark 
L. Morris Foundation. 

aminase (GOT) activity. However, signifi- 
cant changes were not found in transaminase 
levels when serum and plasma from heparin- 
ized and oxalated blood were studied. No 
significant changes were found in serum col- 
lected at various times during the day(l4) .  

Urine samples from apparently normal 
humans were found to coatain slight, insig- 
nificant amounts or less than 1 unit/ml GOT 
(l,S,lS). Little or no transaminase activity 
has been found in dog urine. It was postu- 
lated that either the enzyme molecule was 
too large to pass through the glomerular filter 
or tubular cells were capable of co'mpletely 
reabsorbing the enzyme after filtration ( 3 ) .  

Normal cerebrospinal fluid glutamic oxal- 
acetic transaminase (CFGOT) in infants was 
reported to be 1 to 10 unitsJm1 with a mean 
of 4.5 t 2.2 units(7). Cerebrospinal fluid 
glutamic oxalacetic transaminase level in dogs 
was 0.66 uM/ml/hr t 8.08 using the method 
of Karmen (4,lS). 

Methods. Dogs of mixed breeds, both 
sexes, less than 2 years of age, and vaccinated 
against canine distemper were used. Group I 
dogs were non-nephrectomized controls. 
Group I1 consisted of dogs which had been 
subjected to surgical unilateral nephrectomy. 

Tissue destruction due to surgery is re- 
ported to cause a transient elevation of SGOT 
(12, 13, 17) .  This elevation may occur 
within one to four day; after surgery. To 
avoid this, samples were not collected from 
dogs in Group I1 for one month following 
nephrectomy . Tissue destruction associated 
with surgery was, therefore, not a factor in 
any alteration of transaminase levels in Group 
I1 dogs. 


