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Cell Kinetics in the Spleen of Ehrlich Ascites
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Sunmary. During the period of 18 days after transplantation the uptake of3H-thymidine into DNA was significantly increased in the spleen of Eh.lich
ascites tumor-bearing Swiss and NMRI mice. Adenosine deaminase activity
was within the control limits in tumor-bearing Swiss mice and significantly
increased for the tumor-bearers of the NMRI sirain. However, the increase in
the DNA content, which is associated to splenic hyperplasia, was evident only
for the Swiss strain. The time course of the retention of 3H-ONA revealed that
the half life of spleen cells ranged from 4l to 46hinnormal and tumor-bearing
Swiss mice and normal NMRI mice. For tumor-bearing NMRI mice the rate
of cell depletion was significantly increased (tuz:32 i) compared with that
found in normal NMRI mice (tt/z:44h). The mean stirvival time was 23.0
days for the tumor-bearing Swiss mice and 24.6 days for the NMRI mice.
These data suggest that the immune responses were ri-ilut in both strains of
mice, although cell kinetics was different in the spleen of tumor-bearing Swiss
and NMRI mice.

Key words: DNA synthesis - adenosine deaminase activity - 3H-DNA
depletion

Tumor-bearing organisms present an increase in DNA content and DNA syn-
thesis and an increase in activity of DNA polymerase, TdR kinase and TMp
kinase in the liver and spleen (Shirasaka and Fujii, I975; Morgan and Cameron,
1973).It was suggested that tumor tissues are capable to release some growth-
stimulating substances that enhance the activity bf DNA-synthetizing enzymes
and DNA synthesis of various tissues (Shirasaka and Fujii, 1g75). We riporih.r.
the results of studies on cell proliferation and cell kinetics in the spleen o] phtli.h
ascites tumor-bearing Swiss and NMRI mice. It was found that t^he spleen DNA
content of tumor-bearing NMRI mice was slightly decreased compated with that
observed in normal NMRI mice. Thus, the aim of the present study was to find an
explanation for the absence of splenic hyperplasia in iumor-bearing NMRI mice.

Oifprint requests to: Dr. D. Suciu (address see above)

0084- 5 3 5 3 I 7 8 I 009 r I 026r I S r.20



D.Suc iu  andZ.Uray

Materials and Methods

Conventional male Swiss mice (randomly bred), weighing 28+2 g, from the Medical and Pharmaceut-

ical Institute (Cluj-Napoca, Rumania) and conventional male mice of the NMRI strain (randomlr

bred), weighing 28X2g, obtained from the Cantacuzino Institute @ucharest, Rumania) were used

throughoul thi experiments. The animals received a standard diet' Groups of 10 mice were i' p

injected with 4 x 106 Ehrlich ascites tumor cells, a hyperdiploid line.

Mice received intravenously 7 or 10 pCi of 3H-thymidine (5 Ci/mmole) (Amersham, Englandt

Animals were killed by cervical dislocation. The spleen DNA content was determined by using th.-

diphenylamine colour reaction, as previously described (Suciu et al.,1976). The 3H-radioactivity wai

counted in a liquid scintillation spectrometer (Intertechnique ABAC SL 40), as previously indicated

(Suciu et al., t975). Adenosine deaminase activity was determined according to Hovi et at. (1976t'

Spleen cells were brought into suspension by gentle teasing of donor spleens in cold 0.25 M sucrose'

0i mM CaCl, (1: 10, w/v). Cell suspension was centrifuged at 1000 x g for 10 min (0' C). The spleen

cells were homogenized in 0.15 M phosphate buffer (pH 7.1) (1:5, w/v). The homogenate was centrr-

fuged at 3000 x g for 10 min (0" C). The reaction mixture contained 1.8 ml of 0.15 M phosphate buffer

1pHZ.t; ,0.1mI of 1.0mM adenosine (NBC, Cleveland, Ohio) and 0.05ml of t issue extract.  The

reaction was followed by recording the decrease in optical density at265 nm (30" C) with the aid of a

Specord W VIS (Carl Zeiss Jena) double-beam spectrophotometer (cuvette 1 cm). One unit of adeno-

sine deaminase activity was defined as the amount of enzyme extracted from the splenic tissue

(corresponding to I mg spleen DNA) which caused a decrease in optical density of 0.010/min.

Statistical evaluation of data was made according to Student's "t" test.

Results

The spleen of tumor-bearing Swiss mice showed an increase in DNA content

(Table 1) and an increased uptake of 3H-thymidine into DNA (Table2). The

adenosine deaminase activity was depressed up to 6 days after the tumor trans-

plantation and then increased above the control level (Table 3). The DNA content

bf tornor-bearing NMRI mice was slightly decreased up to 18 days after the

tumor inoculati6n (Table 1). On the contrary, the uptake of 3H-thymidine

(Table 2) and adenosine deaminase activity (Table 3) were increas_ed throughout

ihe period of observation. fu reported by Hovi et al. (1976),a parallelism has been

found between the uptake of 3H-thymidine into DNA and adenosine deaminase

activity of dividing lymphoid cells. In our experiments this parallelism is evident

only for the NMRI strain (Table 2 and 3)-

The results suggest that cell proliferation was increased in the spleen of both

Swiss and NMRI mice, but the dipletion was accelerated in the cell population of

the NMRI mice (Table 1,2, and 3). This assumption received an experimental

confirmation by determining the time course of the retention of 3H-DNA in the

spleen of normil and tumoi-bearing mice (Fig. 1 and Table 4). In tumor-beaflng

mice the labelling was carried out 4 days after the tumor transplantation. No

significant difference was found between the r 1/2 values of normal and tumor-

bJaring Swiss mice (Table 4). On the contrafy, the tumor-bearers of the NMRI

strain f,resented an accelerated depletion of 3 H-DNA radioactivity in the spleen-

It therefore seems probable that ihe absence of hyperplasia and the decreased

DNA content observed in tumor-bearing NMRI mice (Table 1) can be correlated

to an increased depletion rate of the spleen cell population. However, as can be

seen from Figure Z,tnesurvival of tumor-bearing Swiss and NMRI mice w€N not

s ignificantly different.
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Table 3. Adenosine deaminase activity in the spleen of Ehrlich ascites

tumor-bearing mice. The activity in the control groups (day 0) was 28.3 * 2.9

units (seematerials and methods) for the Swiss strain and 13.1*1'6 units

for the NMRI mice

Days Swiss strain NMRI strain

p < o/o Activity p <o/o Activity

0
I
2
3
4
5
6

8
9

10
1 1
12
1 3
l4
1 5
l6
t7
1 8

NSU
NS
0.01
0.05
NS
NS
NS

NS

NS

0.05

100.0+ 10.2
102.5+ 8.7
78.3+ 9.2
56.11 4.8
74.6+ 4.1
77.6+ 5.3
81.6 + 6.4

t22.8+ 3.9

94.8Xr1.7

113.1+ 8.2

125.4! 3.8

108.9+ 10.5

115 .2+  8 .1

100.0+ 12.2
88.3 t 10.6

103.2+ 6.8
146.5 + 10.3
116.4+ 9.7
t54.8+ 4.3
138.6+ 7.r
118 .3  +  11 .4
t36.6t 9.1

t67.0+ 5.4

134.4+ 4.8

178.9+ 12.2

149.7 + r0.9

119.6 + 9.8
NS

NS
NS
0.02
NS
0.01
0.05
NS
0.05

0.001

0.05

0.01

0.02

NS

' NS, not significant

Table 4. f ,,, values" corresponding to the experimental data included in Figure I

Swiss strain

Tumor-bearing p<
mice

NMRI strain

Normal mice Tumor-bearing P<
mice

Normal mice

NSb 44.2+2.8 32.4+2.3 0.01
46.4+2.r 4L4+ 1 .6

" Analysis of experimental data was made according to Puck (1966)

b NS, not significant

Discrssion

The present results indicate that the absence of splenic hyperplasia in Ehrlich

ascites tumor-bearing NMRI mice was associated with an accelerated depletion

in the splenic population. The kinetic data reported in Figure 1 and Table 4 ate

based on the asiumption that the depletion of the previously labelled DNA
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Fig. l. Time course of the retention of 3H-DNA in the spleen of normal (O) and Ehrlich ascites

rumor-bearing (O) mice of the Swiss (left) and NMRI (right) strains. Ten pCi of 3H-thymidine

$ere administered i.v. and the animals (groups of 10 mice) were killed within 120h after

labelling. For the tumor-bearing mice the labelling was carried out 96 h after transplantation'

.\'o:dpm/DNA/organ at one h after labelling. N:dpm/DNA/organ at different time intervals

after labelling. No was 61459 +gzI8 for normal Swiss mice and 96462+9650 for tumor-bearing

animals. The similar data of the NMRI strain were 78145+8520 in the control group and

106417 + 10190 for tumor-bearing mice

r!

Fig.2. Survival of Ehrlich ascites tumor-

bearing Swiss (---) and NMRI

(---) mice. Groups of 50 mice were

intraperitoneally injected with 4 x 10o

Ehrlich ascites tumor cells. The mean

survival time was 23.0+ 1'1 days for the

Swiss strain and 24.6*0.8 days for the

NMRI mice

Days

corresponds to the loss of labelled cells from the spleen, and that reincorporation

of 3Hihymidine is negligible (Nygaard and Potter, 1960; Sanders et al., 1963;

Suciu et al., Lgi5, Ig76).5itr.. no aifference has been found between the loss of
r2sI-IUdR-tuU.n.A DNA and 3H-TdRJabetled DNA from the spleen of mice,

this assumption is probably correct (Joel et al., Ig77).In contrast with 12s I-IUdR,

- -ort tis^sues 3H-TdR can be reincorporated into DNA after release from dead

cells (Flughes et al., 1964;Ertl et al., li70), but this effect is almost absent in the

spleen (Joel et al,1977).
The results of this work and previously published data suggest that the in-

crease in the DNA content observed in the spleen of tumor-bearing animals

(Shirasaka and Fujii, I975;Morgan and cameron, 1973) which is associated to

iplenic hyperplasia lSiegler and Koprowska, 1962; Konda et al,1973), is evident

*tr.n the splinic popul-ation pres.nts a half life of about 4l--4 h. Thus, the

Ehrlich ascites tumoi-bearing NUru mice appear as an exception, because they

show lower tr,rvalues (32h) and the absence of splenic hyperplasia.

HoursHours
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It has been observed that adenosine dedminase activity is strongly suppressed
in cases of severe combined immunodeficiency (Giblett et al., 1,972; Dissing and

Knudsen, 1972; Carson et al., 1977; Ullman et al., 1976). In our experiments
adenosine deaminase activity was within the normal limits in tumor-bearing
Swiss mice and significantly increased in tumor-bearing NMRI mice (Table 3).

From this point of view, the data suggest that the immune system was not im-
paired in tumor-bearing Swiss and NMRI mice. In addition, since no difference
was found between the mean survival time of tumor-bearing Swiss and NMRI
mice (Figure 2), the immune responses were probably similar in both strains of
mice.
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References

Carson,D.A., Goldblum,J.E., Seegmiller,J.E.: Quantitative immunoassay of adenosine deaminase in

combin ed imm un odeficiency dis eas e. J. Immun ol . ll8, 27 0 (I97 7)

Dissing,J., Knudsen,B: Adenosine deaminase deficiency and combined immunodeficiency syndrome.

Lancet i i ,1316 (1972)
Ertl,H.H., Feinedegen,L.E., Heiniger,H.J.: Iodine 125, a tracer in cell biology: Physical properties

and biological aspects. Phys. Med. Biol. 15, 447 (1970)

Giblett,E.R., Anderson,J.E., Cohen,F., Pollara,B., Meuwissen,H.J.:Adenosine deaminase deficiency

in two patients with severe impaired cellular immunity. Lancet ii, 1067 (1972)

Hovi,T., Smyth,J.F., Allison,A.C., Williams,S.C.:Role of adenosine deaminase in lymphocyte proli-

feration. Clin. Exp. Immunol. 23,395 (1976)

Hughes,W.L., Commerford,S.L., Gitlin,D., Kreuger,R.C., Schulze,B. Shah,V., Reilly,P': Deoxyri-

bonucleic acid metabolism in vivo. I. Cell proliferation and death as measured by incorporation

and elimination of idodeoxyuridine. Fed. Proc. 23,640 (1964)

Joel.D.D., Chanana,A.D., Cottier,H., Cronkite,E.P., Laissue,J.A.: Fate of thymocytes: Studies with
12sl-iododeoxyuridine and 3H-thymidine in mice. Cell Tissue Kinet. 10,57 (1977)

Konda,S., Nakao,Y., Smith,R.T.: The stimulating effect of tumor bearing upon T- and B-cell subpop-

ulations of the mouse spleen. Cancer Res. 33, 2247 (1973)

Konda,S., Smith,R.T.: The effects of tumor bearing upon changes in cell distribution and membrane

antigen characteristics in murine spleen and thymus cell subpopulations. Cancer Res. 33, 1878

(r973)
Morgan, W. W., Cameron,I. L. : Effect of fast-growing transplantable hepatoma on cell proliferation in

host tissue of the mouse. Cancer Res. 33, 44I (1973)

Nygaard,O.F., Potter,R.L.: Effect of X-radiation on DNA metabolism in various tissues of the rat.

III. Retention of labelled DNA in normal and irradiated animals. Radiat. Res. 12, 131 (1960)

Puck,T.T.: Cellular aspects of the mammalian radiation syndrome. II. Cell depletion in bone marrow.

spleen and thymus of young mice.Radiat. Res. 27,272 (1966)

Sanders,J. L., Dalrymple, G. V., Robinette, C. D. : Retention of labelled deoxyribonucleic acid followin-e

irradiation: A statistical consideration. Nature (Lond.) 201,206 (1963)

Shirasaka,T., Fujii, S.: DNA synthesis in tumor-bearing rats. Cancer Res. 35, 5L7 (I97 5)

Siegler,R., Koprowska,I.:Host responses to a transplantable "ascitic" tumor. Cancer Res.22, 1218

(te62)
Suciu,D., TJray,Z.,Abraham,A.D.:Evidence for reproductive death of dividing cells in the thymus

and spleen of whole-body gamma-irradiated mice. Int. J. Radiat. Biol. 28, 409 (197 5)

SuciuD., IJray,Z., Maniu,M.: Recovery response of dividing cells in the thymus of whole-body'

gamma-irradiated mice. Int. J. Radiat. Biol. 30, 409 (1976)

Ullman,B., Cohen,A., Martin,D.W. jr.: Characterization of a cell culture model for the study of

adenosine deaminase and purine nucleotide phosphorylase-deficient immunologic diseases. Cell 9.

20s (1976)

Received June 3, ISTT lAccepted December 30,1977


