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the simplest explanation is that acetic acid treatment results 
in the death of a proportion of the initiated cells. Previous 
studies have shown that a single application of 4008 or 5004 
gmoles of acetic acid to mouse skin causes a marked initial 
inhibition of thymidine incorporation into DNA. This 
result suggests that acetic acid is cytotoxic at these doses. 
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Development of papillomas in mice initiated with DMBA and 
promoted with croton oil. 1 week after initiation with 25 Ixg DMBA, 
groups were treated 5 times at a rate of 2 applications per week 
with either acetone (O), 167 gmoles of acetic acid (t~) or with 500 
gmoles of acetic acid (�9 4 days after the final acetic acid or 
acetone treatment, all groups were promoted with croton oil (see 
materials and methods). 

Application of a higher dose of acetic acid to mouse skin 
(1000 Ixmoles) causes superficial ulceration 4. 
In a similar way, cell death could explain the observation 
that acetic acid inhibited 12-0-tetradecanoyl phorbol-13- 
acetate promotion in mouse epidermis 4. 
The results emphasise the dangers inherent in interpreting 
experiments showing the inability of substances like acetic 
acid to act as efficient promoters. Such experiments leave 
open the possibility that these hyperplastiogenic substances 
induce all of the biochemical changes in skin necessary for 
promotion, but do not assay as promoters because of 
cytotoxicity. Consequently the observation that not all 
hyperplastic agents act as tumour promoters 4,5 does not, by 
itself, eliminate the possibility that epidermal hyperplasia is 
a sufficient condition for promotion. 
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Effect of tannic acid on the Ehrlich ascites tumor cells 
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Summary. Tannic acid was used to fix and stain Ehrlich ascites tumor cells in suspension. An increase in surface microvilli 
and cytoplasmic blebs in the tumor cells was observed. The mechanism of tannic acid induced surface morphological 
changes in tumor cells and the formation of a precipitate of protein-tannic acid-heavy metal complex are discussed. 

Tannic acid (TA) was recently applied as an additional 
fixative 2 4 as well as a staining substitute 5-7 for biological 
specimens in electron microscopy. Simionescus and 
Simionescus 8 reviewed the action of TA-glutaraldehyde 
mixture on fresh tissues and stated that these preparations 
are usually affected by a) the unsatisfactory penetration of 
cells; b) the formation of interstitial precipitates, and c) the 
extraction or precipitation of some tissue constituents. The 
present communication reports the effect of TA on Ehrlich 
ascites (EA) tumor cells in suspension. The surface mor- 
phological changes of EA cells after TA treatment are 
presented and the possible mechanism of these alterations 
is discussed. 
Material and methods. The Ehrlich ascites tumor ceils in 
suspension were kindly provided by Dr Y.C. Kong of the 
Department of Biochemistry, the Chinese University of 
Hong Kong. The tumor is carried in this laboratory by s.c. 
and i.p. transplantations in WHT/HT (Swiss) mice. 
In all the experiments performed, tumor cell pellets were 
made from peritoneal fluid containing tumor cells and 
were fixed in 2.5% glutaraldehyde with or without 4 or 8% 
tannic acid at 20 ~ Some specimens were post-fixed in 1% 
osmium tetroxide. Routine procedures were followed for 
dehydration and embedding in Epon 812. Sections were 
examined with or without uranyl acetate and lead citrate 
staining and studied with a Philips EM 300 at 60 kV. Thick 

sections of about 1 I, tm were cut and stained with paragon 9 
for light microscopic observations. 
Results. Under the light microscope, the tumor cell pellet 
showed that it contained mainly EA cells with only a few 
blood cells and a small amount of cell debris. The tumor 
cells appeared viable and mitotic figures were frequently 
seen (figures 1 and 2). In the control group, i.e. without the 
addition of tannic acid to the fixative, the tumor ceils were 
round and the surface was smooth (figure 1). When tannic 
acid was added to the fixative, the cell membrane looked 
very thick and always contained numerous microvilli. 
Heavy metal deposits were found on the cell membrane as 
well as in the interstitial spaces (figure 2). 
The fine structure of the EA tumor cells have been de- 
scribed by many investigators 1~ 15. Again, under the elec- 
tron microscope, tumor cells in the control group always 
possessed a smooth surface with only a few microvilli. The 
cell membrane was well defined. When tannic acid was 
added to the fixative, the cell membrane appeared to be 
very dense and irregular. An increase in microvilli and 
cytoplasmic blebs was an obvious feature. Heavy metal 
particles were found in the interstitial space and on the cell 
membrane (figures 3-5). When the specimen was fixed in 
TA-glutaraldehyde mixture, but without post-fixing in os- 
mium tetroxide, the results were rather similar to that just 
described. However, the contrast was much less. The cellu- 
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Fig. 1. 1-pm thick plastic section showing EA cells fixed in 2.5% 
glutaraldehyde. Note that the cell membrane is thin and rather 
SMOOTH. Mitotic cells are present (arrow). Paragon stain. • 470. 

Fig. 2. 1-~tm thick plastic section showing EA cells fixed in TA- 
glutaraldehyde mixture. Note that the cell membrane is thick and 
heavy metal precipitates are present in the interstitial space. Para- 
gon stain. • 470. 

Fig. 3. Electron micrograph showing 2 EA cells with an abundance 
of  microvilli. Heavy metal precipitates are present along the cell 
membrane and in the interstitial space, x 540. 

Fig. 4. High power view of an EA cell showing heavy metal 
particles deposited on the cell membrane. • 6t0. 

Fig. 5. Electron micrograph showing an EA cell with an abundance 
of cytoplasmic blebs. • 135. 

Fig. 6. An EA ceil from a specimen fixed in TA-glutaraldehyde 
without OsO4 fixation. Note that the heavy metal precipitates have 
rather low contrast, x 175. 
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lar elements were well preserved and observation was 
permissible (figure 6). 
Discussion. In his study of the mechanism of precipitation 
caused by tannic acid fixation, Futaesaku et al. 3 assumes 
that the precipitate of protein-TA-heavy metal complex 
stays in the tissue and that TA-fixation gives the high 
electron density of the region of protein selectivity. Singer 
and Nicolson16propose the fluid mosaic model of mem- 
brane structure. According to this model, surface proteins 
are free to diffuse in a lipid matrix and thus to assume a 
random or homogenous distribution over the cell surface. If 
the above hypotheses are correct, then the precipitate of 
protein-TA-heavy metal deposit on the cell membrane as 
observed in the present study can probably be used as one 
of the indicators of the localization of cell membrane 
protein components: 
On the other hand, Futaesaku et al. 3 observed that, on the 
small intestine, the substance of the cell coat was stained 
strongly by tannic acid. A similar result was also observed 
by the author (unpublished result). It is of course possible 
that the protein-TA-heavy metal complex, as observed by 
Futaesaku et al. and as seen in the present investigation, 
only indicates the presence of mucoprotein molecules in 
the cell coat rather than on the cell membrane itself. It is 
rather premature at this moment to conclude which of the 
above possibilities is true. From the present investigation, 
TA seems to be a nonspecific stain for surface proteins. It 
may well be that both possibilities are true. The exact 
mechanism of the precipitate caused by TA fixation needs 
further investigation. 
Our preliminary result also indicates an increase in micro- 
villi and cytoplasmic bleb formation as a result of tannic 
acid fixation of EA ceils in suspension. Tannic acid has also 
been used to demonstrate the subunit structure of microtu- 
bules 17,18. Cytoskeletal elements are shown interacting in- 
directly with the plasma membrane or with each other 
through cross-links or bridging structures is. It is likely that, 
during tannic acid fixation, some of the microtubular 
system is altered which in turn leads to microvilli and 
cytoplasmic bleb formation. The precise mechanism by 

which tannic acid binds proteins and brings about changes 
in the cell surface configuration remains to be established. 
Regardless of the mechanism of protein-TA-heavy metal 
precipitations on the cell surface, tannic acid obviously acts 
as a ligand for osmium tetroxide. In view of this, tannic 
acid can further be used as a ligand for osmium tetroxide in 
the study of cell surface structures in scanning electron 
microscopy. 
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Determination of proliferative compartments in human tumors 
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Summary. Extracorporeal normothermic perfusion with radioactive thymidine allows a cytological, histological and 
structural analysis of proliferative compartments of human kidney carcinomas in whole-tumor autoradiograms. 

From experimental animals it is known that tumor growth 
is a result of antagonistic intratumoral dynamics which 
have been described in terms of cell kinetics 2, growth 
fraction 3 and cell loss 4. In humans, a direct view on the 
internal growth pattern of solid tumors is difficult to obtain. 
Tumor biopsis incubated in tritiated thymidine for label- 
ling cells in DNA synthesis 5-7, do not reflect the prolifera- 
tive structure of the whole tumor. Systemic application to 
the patient of radioactive DNA precursors and subsequent 
serial resections from tumor tissue for the determination of 
cell cycle parameters 8 should, for ethical reasons, be con- 
fined to extreme cases. A new method has therefore been 
developed to study the intratumoral growth pattern in 
human tumors by means of postoperative perfusion. Kid- 
ney carcinomas are favourable objects for this approach. A 
single renal artery supplies blood to both, kidney and 
carcinoma. The idea is to perfuse, immediately after opera- 

tive resection, the tumor-bearing organ through this artery 
with a physiological medium containing radioactive DNA 
precursors and thus to label cells in DNA synthesis. 
Materials and methods. The apparatus used for kidney 
tumor perfusion consists of a chamber to incubate the 
tumor-bearing organ at 37.5 ~ in blood compatible with 
the tumor-patient's blood group, with additions of dextran 
solution to lower the hematocrit down to about 25-30%, 
heparin to prevent blood clotting, and NaHCO 3 to adjust a 
physiological pH. The perfusate is circulated by an occlu- 
sive roller pump (St6ckert, Munich, FRG) with an elec- 
tonically regulated pressure and a variable flow rate of up 
to 425 ml/min into the renal artery. Physiological Po2 
values are obtained by a membrane oxygenator (5M0321, 
Travenol Laboratories, Morton Grove, Ill., USA). T h e  
venous outflow is recirculated. During the perfusion, tritiat- 

14 ed (1.3 txCi/ml, sp. act. 5 C/mmole) or C-labelled thymi- 


