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Effect of Jensen Sarcoma upon the Reticuloendothelial System of 
Rats of Different Ages. (29005) 

RALPH F. KAMPSCHMIDT AND WEST A. CLABAUGH* 
Biomedical Division, Samuel Roberts Noble Foundation, Inc., Ardmore, Okla. 

When the phagocytic index of the reticulo- 
endothelial system was measured by the rate 
of carbon clearance from the blood, the clear- 
ance rate decreased in older rats( 1) and mice 
( 2 ) .  I t  has also been observed that the Cal- 
mette-Gukrin bacillus produced a smaller in- 
crease in the phagocytic capacity of older 
mice as compared to younger mice( 2 ) .  Since 
spontaneous tumors usually appeared in older 
animals and only a minimal elevation of 
clearance rates was observed, it seemed pos- 
sible that this might be partially explained 
by the inability of the older animal to re- 
spond( 2 ) .  Following treatment with Myco- 
bacterium phlei the phagocytic index was 
found to be greater in mice 6 months of age 
than those 1, 3, 9 or 1 2  months(3). 

In the experiments with the Jensen tumor 
the clearance rate of carbon was elevated at  
an earlier period of tumor growth in the 
older animals than in the younger tumor- 
bearing rat. This would suggest that the type 
of stimulus applied may be important in de- 
termining the response of the reticuloendo- 
thelial system in rats of various ages. The 
older animals will give a faster rate of clear- 
ance than younger animals with some types 
of stimulation. 

Materials and methods. Six groups of fe- 
male Holtzman rats were used in these ex- 
periments. The first 5 groups were 2-, 3-, 4-, 
5- and 6-month-old virgin females a t  the 
time of tumor inoculation. The last group of 
animals were discarded breeders 12 months 
of age or older. The average initial body 
weight in the various groups at  time of tu- 
mor inoculation was 181, 201, 239, 258, 276, 
and 294 grams, respectively. The tumors 
were transplanted by an intramuscular injec- 
tion of the Jensen sarcoma into both rectus 
fernoris. 

The activity of the reticuloendothelial sys- 

tem was determined by slight modifications 
of the method of Biozzi et aZ(4). A suspen- 
sion of carbon (C 11/143a)t was injected 
into the femoral vein at a dose of 16 mgJ 
100 g body weight. The rats were kept under 
light anesthesia during administration of car- 
bon and sampling of the blood. At appropri- 
ate intervals blood was collected from the 
tail vein, and a 0.02 ml sample was pipetted 
into 5 ml of hemoglobin diluent-1 g 
NaHC03, 501 mg KCN, and 200 mg KxFe 
(CN)6 diluted to 1 liter. The concentration 
of carbon was determined by its absorption 
at  540 mp in a Beckman DU spectropho- 
tometer. The blanks were samples of blood 
obtained prior to the injection of carbon. 
Blood carbon concentration decreased accord- 
ing to an exponential function of time ex- 
pressed as follows: 

log C1- log C2/TZ - TI = K 

C1 and C2 were the concentrations of car- 
bon in the blood at  times TI and Tz, respec- 
tively. K, which expressed the phagocytic ac- 
tivity of the reticuloendothelial system for 
the injected dose, was called the phagocytic 
index. 

I t  has been shown that the phagocytic in- 
dex depends on the weights of liver and 
spleen(4). This allows the use of a corrected 
phagocytic index (a) expressed as: 

m- w 
WLS 

a=--- 

W is body weight and WLS the sum of 
weights of liver and spleen. 

Another method of correcting the phago- 
cytic index has been proposed by DiCarlo 
et a l ( 3 )  and is expressed KLS. The formula 
is KLS = 103K LS, where KLS represents 

-LSE 
the relative phagocytic activity of liver and 
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FIG. 1. Phagocytic index of rats of various ages during growth of the Jensen sarcoma. 

Dotted line represents animals which have tumors tha t  average 5y0 of total  weight (range 
3-7oJo). Dashed lines represent tumors that average 10% of total body weight (range 8-12%) 
and solid line 1570 (range 13-17%). Each point is  average phagocytic index of 3-10 animals. 

FIG. 2. Phagocytic index of rats of various ages during growth of Jensen sarcoma. Grouped 
by actual tumor weight: 10 (tumors weighing 6-15 g) ,  20 (tumors weighing 16-25 g) ,  30 (tu- 
mors weighing 26-35 g) and 40 (tumors weighing 36-45 g) .  Each point is average phagocytic 
index of 2-8 rats. Total number 88. 

FIG. 3. Corrected phagocytic index of rats of various ages bearing Jensen sarcoma. Com- 
pared at various tumor weights which are expressed as percentage of total body weight of 
animal. 

FIG. 4. Relative phagocytic activity of rats of various ages bearing Jensen sarcoma com- 
pared at various tumor weights which are expressed as percentage of total body weight of ani- 
mal. See Methods section for  meaning and method of calculating KLS. 
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spleen, LS, is the average per cent body 
weight of liver and spleen of a control group 
at  a particular age, and LSE represents the 
average per cent body weight of liver and 
spleen of tumor-bearing animals a t  a particu- 
lar age. 

Results and discussion. The effect of the 
Jensen sarcoma upon the phagocytic index of 
rats of different ages is shown in Fig. 1. The 
range of K values for normal rats was .004 
to .011 with a mean of .006. There was a 
slight but not significant tendency for the 
younger normal animals to have a faster rate 
of clearance. When implanted with the Jen- 
sen tumor the phagocytic index did not in- 
crease in any of the age groups until the 
tumor was 7-8% of total body weight. With 
a slightly larger tumor (8-12% of body 
weight), the phagocytic index showed a 
marked increase in the older animals but 
little or no change in the younger animals. 
All of the tumors in the various groups grew 
to 15% of the total body weight in about 2 
weeks with no significant difference in the 
rate of growth between age groups. The 2- 
month-old rats failed to show an increase in 
rate of carbon clearance until the tumor was 
almost 15% of total body weight. As the 
animal aged the rate of carbon clearance was 
faster a t  a smaller-tumor to body-weight 
ratio. 

The older animals were heavier and had 
larger tumors for a given-tumor to body- 
weight ratio. A comparison was, therefore, 
made among the different age groups using 
actual tumor weight (Fig. 2). Even when 
plotted in this way, the older rats with 10 to 
40 g tumors showed a faster rate of clear- 
ance than the younger animals. 

Most of the carbon removed from the 
blood was found in the liver or the spleen, 
and these organs were heavier in the older 
tumor-bearing rats. The phagocytic index 
was corrected for the weight of the liver and 
spleen as indicated in Fig. 3. The corrected 
phagocytic index also demonstrated that when 
the tumors were small there was a progres- 
sive increase in carbon clearance rate with 
the age of the tumor-bearing host. Correct- 
ing for liver and spleen weights by the meth- 

od of DiCarlo et aZ(3) gave a marked in- 
crease in the older rats bearing tumors which 
were 10 to 15% of total body weight (Fig. 
4).  The groups with tumors which average 
5% of the body weight showed very little 
effect produced by the age of the animal 
when calculated as KLS, but there was an in- 
crease with these small tumors when u values 
were used (Fig. 3). 

Tumors developed in all 74 rats inoculated 
at  2 or 3 months of age with the Jensen sar- 
coma. No regressions were observed among 
the 34 animals which were followed for sur- 
vival. One hundred and twenty-seven ani- 
mals 4 months or older were inoculated. Of 
this number 97 developed palpable tumors. 
Forty-one of these rats were followed for sur- 
vival and 14 regressions were observed. The 
significance of this apparent correlation be- 
tween early reticuloendothelial stimulation 
during tumor growth and survival is still not 
clear. Perhaps both groups of data indicate 
that the Jensen sarcoma was not truly com- 
patible in the older Holtzman rat. The rats 
in which tumors regressed, and also those 
which failed to produce tumors after inocu- 
lation, did not develop tumors after repeated 
implantation with the Jensen tumor. Old, 
Clarke and Goldsmith( 5) reported no appar- 
ent correlation between degree of reticulo- 
endothelial stimulation and ultimate survival 
of tumor-bearing animals. Many tumors have 
been reported which show maximal elevation 
of clearance rates during the early phase of 
tumor growth without resulting in appre- 
ciable tumor regression (2,s). 

Therefore, it was not intended that these 
results should suggest a correlation between 
reticuloendothelial stimulation and survival 
during tumor growth, or that all tumors will 
produce greater reticuloendothelial stimula- 
tion in older animals. What was suggested 
was that the reticuloendothelial system in 
the older animal was capable of a greater re- 
sponse than that of the younger animal to 
this stimulation. I t  may be necessary, there- 
fore, with each type of stimulus applied to 
the reticuloendothelial system, to evaluate 
the effect of the age of the animal. 

Summary. Rats 2, 3, 4, 5, 6 and 1 2  months 
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old were inoculated with the Jensen sarcoma 
and the phagocytic index of the reticuloendo- 
thelial system was measured a t  various stages 
of tumor growth. The older animals bearing 
the Jensen tumor produced more and an ear- 
lier stimulation in the rate of carbon clear- 
ance than the younger tumor-bearing animals. 
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Platelet Size in Relation to Platelet Age. (29006) 

T. P. MCDONALD, T. T. ODELL, JR. AND D. G. GOSSLEE 
Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 

In  a study of the in vivo aging of rat 
blood platelets, the relative sizes of platelets 

tional Refrigerated Centrifuge: model PR-2) 
for 40 minutes, the platelet-rich plasma-sa- 

of young, old, and normal populations were 
compared by measuring with a cathetometer 
the volumes of packed platelets in micro- 
hematocrit tubes; it was found that platelet 
size decreases with age( 1). The purpose of 
this study was to investigate the frequency 
distributions of platelet sizes in populations 
of varying age using a Coulter Electronic 
Particle Counter with a particle size distri- 
bution plotter attached( 2,3). 

Methods. Blood was drawn from the ab- 
dominal aorta of anesthetized male Sprague- 
Dawley rats into cold, siliconed 20-ml sy- 
ringes containing 1 ml of a 1 %  solution 
of filtered ethylenediaminetetraacetic acid 
(EDTA) in 0.7% saline. All diluents used 
were filtered through a filter having 0.45 p 
pore size. A standard volume of 10 ml of 
blood was collected from each rat and was 
diluted with 6.25 ml of filtered saline to ob- 
tain a better yield of platelets. The blood- 
saline mixture of each rat was equally di- 
vided into two 15-ml conical centrifuge tubes, 
and the platelets were separated by differen- 
tial centrifugation in a refrigerated centrifuge 
(5°C).  After a slow centrifugation of the 
blood a t  107 X g (750 rpm in an Interna- 
~ 

*Operated by Union Carbide Corp. for U. S. 
Atomic Energy Commission. 

line was removed and spun more rapidly a t  
760 X g (2,000 rpm) for 30 minutes to obtain 
a platelet button. The platelets were then 
resuspended in 0.9% saline to give concen- 
trations of 9,747 to 37,030 platelets/50 p1. 
(The standard volume of suspension pulled 
through the counting aperture was 50 pl 
when making numerical counts.) Platelets 
that had been separated from blood and re- 
suspended in saline were used in these ex- 
periments rather than diluted platelet-rich 
plasma because our own work and that of 
others(4) has indicated that, in addition to 
platelets, the latter may contain unidentified 
small particles that affect platelet counts and 
possibly size distribution curves. 

Populations of young platelets were ob- 
tained from rats that were recovering from 
thrombocytopenia induced with antiplatelet 
serum( 1 ) .  Four hours after injection of the 
antiplatelet serum there were no circulating 
platelets. At 24 hours the platelet count was 
approximately 4,000/mm3, which was too 
few for satisfactory collection. Platelets were 
collected and sized 2, 3, 4, 5 ,  6, and 7 days 
after antiserum injections. Platelets collected 
2 days after antiserum injection, therefore, 
had an age range of 0-2 days. 

Populations of old platelets were prepared 


