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recovery in the period 15-25 days thereafter remained at an 
insignificant level (figure 2). Labelled stage 2 cells were 
initially in much lower numbers but the pattern of change 
subsequently showed a similar trend to that of labelled 
stage 1 cells. On the other hand, stages 3 and 4 cells showed 
an almost reciprocal graph of labelling to stage 1 cells, i.e., 
the incidence of labelling was insignificant for the 1st 15 
days but rose dramatically thereafter and was relatively 
constant in the period 25-60 days (figure 2). When the 
mean isotope grain counts for mast cells of the various ages 
were analyzed it was found that the isotope concentration 
(mean grain count) for stages 1 and 2 cells was initially high 
but dropped rapidly to one half and one quarter of the 
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initial means by 4 and 8 days respectively. Labelled stages 3 
and 4 cells appeared first at 15 days and have a relatively 
low mean grain count level approximating that of stage 1 
cells at 15 days. Labelling of low intensity thereafter rose to 
a plateau in the period 30-60 days. Similar findings were 
recorded for mast cells in mesenteric and omental windows. 
In conclusion, it would seem that the relatively rapid drop 
in labelled stage 1 cells and the rise in the number of  
labelled stages 3 and 4 cells with diluted isotope content 
following 3H-thymidine administration at birth indicates 
that stage 1 and to a lesser extent stage 2 mast cells 
comprise a mitotic pool of cells whereas stages 3 and 4 cells 
constitute a maturational pool 9. 
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Effects of angiotensin II and of an angiotensin II receptor antagonist on Simian virus 40-induced tumor growth 
in vivo 
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Summary. The effects of angiotensin II and of the competitive angiotensin II receptor antagonist saralasin on in vivo 
tumor growth were investigated in hamsters. Angiotensin II strongly inhibited tumor growth while saralasin stimulated it, 
though the high dose used had partial agonistic angiotensin II-like actions. Lower doses of saralasin were without 
significant effect on tumor weights. 

We have recently shown that angiotensin II (ANG II) and 
1 ~ 8 the ANG II antagonist [sar,  va l ,  ala ] ANG II (saralasin) 

affect cell growth and intracellular renin concentration in 
an established cultured cell line of 3T3 mouse fibroblasts, 
and in their fast growing Simian virus 40 (SV40) trans- 
formed counterparts 3. The competitive ANG II antagonist 
saralasin inhibited cell proliferation in 3T3 and SV3T3 
cells almost completely, and increased intracellular renin 
content. A N G  II, in contrast, stimulated cell growth in 3T3 
and slightly diminished cell proliferation in SV3T3 cells. 
These in vitro findings led us to investigate the effect of 
ANG II and of saralasin on the growth of SV40 induced 
tumors in vivo. Our studies were also prompted by the 
evidence that ANG II stimulates the growth of adrenal 
gland cells 4 and influences biochemical events which are 
involved in growth control such as cyclic nucleotide, DNA, 
RNA and protein synthesis 4,5. 
Materials and methods. For tumor induction 6, newborn 
Syrian hamsters were inoculated s.c. in their neck within 
24 h after birth with 0.1 ml of crude virus (106-107 PFU) 7. 
3-4 weeks after injection, tumors were detected as s.c. 
nodules at the site of application. Another 2 weeks later, 
the animals were killed and the tumor was transplanted to 
adult hamsters 6. ANG II and saralasin respectively were 
applied daily at 10.00 h s.c, in 0.1 ml of oil, beginning 1 day 
after tumor transplantation. The drugs were suspended 
freshly each time by ultrasonification. ANG II was 
injected at a dose of 3400 gg/kg b.wt. Saralasin was ad- 
ministered at doses of 3400, 340 and 34 gg/kg. Controls 
(CO) received 0.1 ml oil only. The experiments were ter- 

minated when the sarcomas were well developed and 
before the tumor tissue became necrotic. The hamsters 
were bled by Cutting the carotid arteries, blood was col- 
lected on ice in plastic tubes containing an angiotensinase 
inhibitor cocktail 8 and centrifuged at 4 ~ The plasma was 
stored at - 3 0  ~ Adrenal glands were excised and pre- 
pared for morphometric studies. Small tissue samples were 
taken from tumor, kidney, brain, heart, gut, muscle, skin, 
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Effects of ANG II (hatched column) and of ANG II antagonist 
saralasin (dotted columns) on in vivo SV40 tumor growth in 
hamsters expressed in percentages of controls (open column); 
each group consisted of 10 or more animals. 
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spleen and liver respectively for histological examination. 
In a first series of experiments, 10 hamsters were treated 
with 3400 gg/kg saralasin daily and 10 hamsters treated 
with oil served as controls. The animals were killed after 
16 days. In a 2nd experiment, 60 hamsters were divided 
into groups of 15 animals. The 1st group served as control, 
the 2nd group received 3400 gg/kg ANG II, whilst the 
3rd and 4th group were treated with 340 gg/kg saralasin 
and 34 gg/kg saralasin respectively. The animals were 
killed after 2 weeks. 
Tissue and plasma renin measurements were performed as 
has been described elsewhere 8. Briefly, the left kidney 
was homogenized in 3 ml of  TRIS-maleate buffer pH 6.5, 
then frozen and thawed 3 times. After centrifugation at 
10,000• 1 ml aliquots of the supernatant were diluted 
1 : 400 and incubated with 50 mg of rat substrate at pH 6.5 
in the presence of DOWEX 50W • 2 NH~- during 1 h in a 
final volume of 3 mt. Incubation of 0.2 ml of plasma was 
done under the same conditions during 2 h. Between 200 
and 800 mg of tumor tissue were prepared as mentioned 
above except that homogenization and incubation were 
performed in TRIS-maleate buffer pH 5.5. Tumor tissue 
was incubated with 50 mg of dog substrate during 4 h. 
Results are expressed as means_+SEM. Statistical signifi- 
cance of differences was calculated by Student's unpaired 
t-test. 
Results and discussion. The histology of  all organs examined 
confirmed the SV40 tumor to be a sarcoma of spindle -~ 
shaped cells without metastases 9. Administration of 3400 
gg/kg saralasin accelerated tumor growth and diminished 
tumor renin in hamsters as compared to sham treated 
controls (table). Renin levels in kidney and plasma were 
strongly reduced by saralasin. Enzyme concentrations in 
the kidney were 6.17_+ 1.17 gg ANG Ug/h (saralasin) and 
219.12+25.71 gg ANG I/g/h (controls) respectively 
(p<0.001). The following renin concentrations were mea- 
sured in plasma: 0.5:2+0.08 ng A N G  I/ml/h in saralasin 
treated animals and 7.09-+0.98 ng A N G  I /ml/h in controls 
(p<0.001). The zona glomerulosa of the adrenal gland was 
widened 1.6 times under drug application, whilst the zona 
fasciculata and reticularis remained unchanged in treated 
and untreated animals. 
These results indicated that the ANG II antagonist sara- 
lasin applied at 3400 ~tg/kg per day probably exerted 
agonistic ANG II-like effects since plasma and kidney 
renin as well as tumor renin concentrations were decreased. 
The hypertrophy of t]he adrenal gland, indicating a stimu- 
latory effect of  saralasin on steroid synthesis, supported this 
view. Such an agonistic influence of ANG II receptor 
antagonists has been reported m, n. 
We have therefore treated a 2nd series of hamsters with a 
high dose of A N G  II and with smaller amounts of sara- 
lasin. The smaller doses of saralasin did not significantly 
affect tumor weight, while ANG II markedly inhibited 
tumor growth ( table)  No significant difference in tumor 

renin concentration was observed between controls and 
treated animals (table). The tumors in the 2nd experi- 
mental series of hamsters grew faster, while their renin 
content was lower (table). Since the same strain of  animals 
was used, these differences between experiment 1 and 
experiment 2 may be related to the tumor induction and 
tumor transplantation which have to be done de novo for 
each experiment 6'7, If the results were therefore expressed 
as percent change compared to controls it became evident 
that 3400 gg/kg ANG II diminished tumor weight by about 
57% and that on the other hand 3400 gg/kg saralasin 
stimulated tumor growth by about 60%; lower doses of 
saralasin tended to decrease tumor weight by 18% 
(340 ~tg/kg) and 20~ (34 gg/kg) respectively (figure), but 
these changes were statistically not significant. 
We have previously reported that in vitro, saralasin inhib- 
ited cell growth in 3T3 and SV3T3 cells 3. In vivo we now 
observed an increase of SV40 tumor growth in hamsters 
at the highest dose and no significant effects at lower doses 
of  saralasin. It is doubtful whether this discrepancy between 
in vivo and in vitro effects can be solely related to the 
agonistic ANG II-like activities of  saralasin at high doses, 
since A N G  II at the same high amount had just the reverse 
effect of saralasin, i.e. inhibition of tumor growth in vivo. 
The smaller doses of saralasin influenced neither tumor 
growth nor tumor renin content significantly. In vitro 
ANG II increased cell proliferation in 3T3 cells but slightly 
diminished it in SV3T3 cells3; this is compatible with the 
inhibitory effect of ANG II on tumor growth in vivo. 
The administration of ANG I1 and saralasin respectively 
has systemic effects influencing various hormonal systems 
and blood pressure. No steroid measurements were per- 
formed in these experiments. However, mineralocorticoid 
synthesis and release can be assumed to be increased in 
the ANG II treated hamsters and simultaneous stimulation 
of glucocorticoids is also possible 12. The high dose of sara- 
lasin probably had an agonistie A N G  II-like effect on 
steroidogenesis too, since the zona glomerulosa of  the 
adrenal was hypertrophied. In some types of oncogenic 
cells such as glioma or leukemia cells, glucocorticoids have 
been reported to inhibit cell growth 13'14. On the other hand 
they may increase cell proliferation in 3T3 cells 15'16. 
Growth of SV40 transformed 3T3 cells seems not to be 
stimulated t7. 
In conclusion, ANG II decreased SV40 tumor growth in 
vivo, while the ANG II antagonist saralasin at a high dose 
had the reverse effect. These in vivo results are in contrast 
to in vitro findings where saralasin strongly inhibited cell 
proliferation. The different actions in vivo and in vitro 
cannot be explained at present. The control of, and the 
pharmacological interference with cell growth in vivo is 
much more complex, however, than under standardized 
conditions in vitro. A possible relation to other hormonal 
systems, e.g. adrenal gland steroids, needs to be investi- 
gated. 

Controls ANG II Saralasin 
3400 gg/kg 34 gg/kg 340 ~tg/kg 3400 gg/kg 

2.56 -+ 0.47 4.10 _+ 0.42 * 
44.49 • 3.77 31.03 _+ 2.49 ~ 

Tumor weights in g 
Tumor renin in ngANG I/g/h 
(1st series) 

Tumor weights in g 13.36___ 1.43 5.70+'0.65 *** 10.74__0.99 10.96_+ 1.54 
Tumor renin in ngANG Ug/h 17.23 + 2.28 17.77-+ 3.25 12.50_+ 2.38 14.98 -+ 2.65 
(2nd series) 

Tumor weights and tumor renin content in hamsters treated with ANG II and with saralasin respectively compared with the appropriate 
controls; ~ p<0.05, ~'~" p<0.001; n= 10ormore. 



454 Experientia 36 (1980), Birkh~iuser Verlag, Basel (Schweiz) 

1 Acknowledgments. These studies were supported by the 
Deutsche Forschungsgemeinschaft (DFG) within the SFB 90 
'Cardiovaskul~tres System'. Saralasin was a gift from Dr 
A.W. Castellion, Norwich Pharmacal Company, USA. We 
thank S. Thiele, P. Baumg~trtl and D. Kurz for excellent 
technical assistance. 

2 Address for reprint requests: Institut de Recherche Cardio- 
Ang6iologique, Chemin de Mus6e, CH-1700 Fribourg 
(Switzerland). 

3 P. Schelling, D. Ganten, G. Speck and H. Fischer, J. Cell 
Physiol. 98, 503 (1979). 

4 G.N. Gill, C.R. Ill and M.H. Simonian, Proc. nat. Acad. Sci. 
USA 74, 5569 (1977). 

5 P.A. Khairallah, A.L. Robertson and D. Davila, Jr, in: 
Hypertension, p. 212. Ed. J. Genest and E. Koiw. Springer, 
Berlin, Heidelberg, New York 1972. 

6 B.E. Eddy, G.S. Borman, W.H. Berkeley and R.D. Young, 
Proc. Soe. exp. Biol. Med. 107, 191 (1961). 

7 H. Fischer and G. Sauer, J. Virol. 9, 1 (1972). 

8 D. Ganten, P. Schelling, W.E. Hoffman, M.L Phillips and 
U. Ganten, in: Radioimmunoassay - Renin - Angiotensin, 
p. 144. Ed. D.W. Krause, W. Hummerich and K. Poulsen. 
Georg Thieme, Stuttgart 1978. 

9 J. Tooze, in: the Molecular Biology of Tumor Viruses, 
chapter 6, p. 350. Ed. J. Tooze. Cold Spring Harbor Labora- 
tory, Cold Spring Harbor 1973. 

10 S. Sen, C.M. Ferrario and F.M. Bumpus, Acta physiol. 
latinoam. 24, 529 (1974). 

11 D. Regoli, W.K. Park and F. Rioux, Pharrnac. Rev. 26, 69 
(1974). 

12 M.J. Peach, Physiol. Rev. 57, 313 (1977). 
13 C.B. Huggins and K. Uematsu, Cancer 37, 177 (1976). 
14 R.J. Grasso, C.E. Johnson, R.K. Boler and N.A. Moore, 

Cancer Res. 37, 585 (1977). 
15 C.R. Thrash, T.S. Ho and D.D. Cunningham, J. biol. Chem. 

249, 6099 (1974). 
16 D. Gospodarowicz and J.S. Moran, Proc. nat. Acad. Sei. 

USA 71, 4584 (1974). 
17 C.R. Thrash and D.D. Cunningham, Nature 242, 399 (1973). 

S c a n n i n g  e l e c t r o n  m i c r o s c o p y  o f  c e l l s  f r o m  h y d r o x y u r e a - a r r e s t e d  b l a s t u l a e  o f  Xenopus laevis 

A.R.  Kurais  and  M. Stanisstreet  
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Summary. Cells f rom Xenopus embryos  b locked  at the b las tu la  stage by  t r ea tmen t  wi th  hydroxyurea  have  b e e n  isolated 
and  cul tured in vitro. The  morpho logy  of  these cells has  b e e n  c o m p a r e d  with tha t  of  ceils f rom n o r m a l  embryos  us ing 
scanning electron microscopy. Cells f rom such hydroxyurea -b locked  embryos  do not  show the features,  or changes  in 
features, in  culture shown by cells f rom n o r m a l  embryos.  

Recent ly  the propert ies  of  cells isolated f rom a m p h i b i a n  
early embryos  have been  studied in the hope  that  they 
might  provide in fo rmat ion  on  the mechan i sms  involved  in 
normal  morphogenesis .  The  types of  cell m o v e m e n t  shown 
in vitro, and  the propor t ions  of  cells exhibi t ing m o v e m e n t  
vary with the stage of  the embryo  f rom which the ceils are 
taken, and  are different  for different  germ layers 2,3. Simi- 
larly, work in our  labora tory  has shown that  the scanning  
electron microscopical  appearance  of  cells isolated and  
cultured on  glass differ  be tween  cells f rom dif ferent  era- 

bryonic  tissues 4, and  is d e p e n d e n t  upon  the stage of  the 
embryo provid ing  the cells ~. These  f indings are consis tent  
with the idea tha t  the proper t ies  shown by cells in vitro are 
significant to n o r m a l  morphogenesis .  In  addi t ion,  cells 
f rom genetically def ic ient  hybr id  embryos  which  do not  
gastrulate, or gastrulate  abnormal ly ,  show al tered moti l i ty  
in vitro 6. 
Some years ago it was shown that  t r ea tmen t  of  embryos  of  
echinoderms and  amph ib i ans  with hydroxyurea  b locked  
deve lopment  at the 4-8-cell  stage and  late b las tu la  stage 

Percentages of cells from normal and hydroxyurea-blocked blastulae of Xenopus showing different features by scanning electron 
microscopy 

Time Total 
in number 
culture of cells 

% of cells in each condition 

= ~ o ~ 

Ectoderm 

Endoderm 

Control 

Cells from hydroxyurea-blocked blastulae 

Cells cultured in presence of hydroxyurea 

Control 

Cells from hydroxyurea-blocked blastulae 

3 min 228 
0.5 h 280 
3 h 258 

3 rain 295 
0.5 h 228 
3 h 180 

3 rain 245 
0.5 h 296 
3 h 229 

3 min 108 
0.5 h 145 
3 h 75 

3 min 213 
0.5 h 176 
3 h 217 

4 8  35 3 - 14 - 
7 82 - 11 - 

37 37 - - 26 - 

7 - - 11 82 - 
3 - - 4 93 - 

- 6 - - - 9 4  - 

- 3 9 23 65 
3 33 5 8 40 11 
- - - 9 4  6 

- 5 - 12 83 - 

3 39 2 6 50 - 
34 22 12 - 32 - 

6 5 - 1 3 85 - 
5 - 3 5 87 - 

10  - 3 - 8 7  - 


