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Cytoarchitecture of Ehrlich Ascites 
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Abs trac t - -Several  morphologic alterations in tissue architecture were observed in solid 
Ehrlich ascites tumors implanted in the hind limbs of mice drinking distilled water 
supplemented with O. 1 °, o ascorbic acid. Light microscopic observations of non-necrotic 
tumor sections revealed clusters of cells and occasional regions of denser connective tissue 
among the tumor cells. Ultrastructural examination revealed tumor cell groupings with 
peripheral fi'broblasts, deposition of cellular product between cells, close association of 
tumor cells within clusters, and the presence oJ basement membrane. Tumors Jrom mice 
maintained on distilled water alone did not exhibit any clustering of tumor cells. 

I N T R O D U C T I O N  

THERE is accumula t ing  evidence that  ascorbic 
acid plays an impor tan t  role in main ta in ing  
cellular and tissue integrity. As a result, con- 
siderable interest has arisen concerning the 
possible role of  v i tamin C as a therapeut ic  
agent. Few studies have focused upon the 
cellular response to ascorbic acid in the non- 
scorbutic state. 

We have investigated this aspect using the 
solid form of  the Ehrl ich ascites carc inoma.  
Previous studies have shown that  the growth 
pa t te rn  of  the solid Ehrl ich tumor  is sensitive 
to env i ronmenta l  factors within the tissue [1-  
4]. Recen t  studies have shown that  growth of  
the solid form of the Ehrl ich ascites tumor  is 
significantly slower in mice main ta ined  on 
distilled water  supplemented  with 0.10//o ascor- 
bic acid than  growth in mice main ta ined  on 
distilled water  alone [5]. T h e  present  work 
was under taken  to learn if there might  be a 
histological basis for this slower tumor  growth.  
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MATERIALS AND M E T H O D S  

Animals and tumor induction 

T w o  strains of  male mice (Swiss mice and 
CF t mice)  drank either distilled water  or 
distilled water  supplemented  with 0.1 °/o ascor- 
bic acid for 1 week prior  to and following 
tumor  induction.  Mice were housed three to a 
cage in constant  t empera tu re  quarters  and 
supplied food and water  ad libitum. Solid 
tumors were induced by injecting 1.6-1.8 
x 106 Ehrl ich ascites ca rc inoma cells (in 0.1 

ml saline) i.m. into the mouse hind limb. 
T u m o r  tissue was sampled for electron micro- 
scopy 13 days after tumor  induction.  At these 
times, tumor  masses were approx imate ly  1.5- 
3.4 gm [6]. Tumors  from 12 ascorbic acid- 
supplemented  mice (6 Swiss and 6 CF1) and 
12 non-supplemented  mice (6 Swiss and 
6 CF1) were sampled for electron microscopic 
examinat ion.  

Electron microscopy 

Sections of  tumors were minced in 
Karnovsky 's  fixture [7] at 4°C for 1.5 hr, 
rinsed overnight  in 0.1 M sodium cacodylate  
buffer and then fixed 1.5 hr in 2 % OsO 4 in 
0.1 M cacodylate  buffer containing 0 .5% 
CaC12. Tissues were then rinsed three times in 
buffer, t reated with tannic acid [8], dehy-  
dra ted  and embedded  in a low viscosity epoxy 
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resin [9, 10]. Thick sections (about 1 /~m) 
stained with methylene blue-azure II [11] 
were examined with a light microscope to 
select non-necrotic regions of the tumors. Thin 
sections of appropriate regions were cut with a 
diamond or glass knife, grid stained with 
uranyl acetate and lead citrate and examined 
in a RCA EMU electron microscope. 

RESULTS 

The solid form of the Ehrlich ascites tumor 
is well circumscribed and characterized by a 
high degree of cellularity, only a small 
amount of connective tissue stroma and poor 
vascularization [12]. The histologic pattern is 
undifferentiated (Fig. 1); observation of any 
definite structural arrangement in the tumor 
tissue is rare [12]. Figure 2 is a representative 
micrograph of cell ultrastructure in the solid 
tumor in a CF 1 mouse drinking distilled 
water. Nuclei are large and lobulated. Tumor 
cells in animals maintained on distilled water 
did not exhibit any clustering or cellular 
associations. Occasionally, neighboring cells 
did have membranes closely opposed, but this 
w,l~ observed on the ultrastructural level only 
for single pairs of cells. Both light and dark 
staining cells are present in tumor sections. 

The most prominent feature of tumors of 
ascorbic acid-supplemented animals was the 
formation of cell clusters and occasional re- 
gions of denser connective tissue coursing 
among the cells (Figs. 3 and 4). Densely 
staining material was present between cells in 
some of the clusters (Fig. 5). Cells in group- 
ings frequently exhibited close apposition of 
cell membranes. This was seen between both 
light and light and light and dark staining 
cells (Fig. 6). Although marked clusters were 
not found in all sections of all tumors, they 
were prominent in 8 out of 12 tumors of the 
ascorbic acid-supplemented animals examined 
in this study. 

In other tumor regions, cells with extensive 
microvillar surface projections were observed 
(Fig. 7). These were often complemented by 
extensions from neighboring cells although 
mitotic cells did not seem to exhibit as many 
processes. Long regions of basement mem- 
brane were also present in tumors from ascor- 
bic acid-supplemented mice (Fig. 8). 

DISCUSSION 

Our observations, although limited to one 
type of tumor, indicate that ascorbic acid can 

modify the architectural tissue pattern of the 
tumor. The roles of ascorbic acid in several 
important physiological functions have been 
known for a number of years. Relevant to the 
work presented here is the fact that ascorbic 
acid is essential for the formation and main- 
tenance of collagen and the stability of con- 
nective tissue in general. It is also important 
in the formation of ground substance and 
inter-cellular cement [13, 14]. Vitamin C can 
improve tissue efliciency and integrity when it 
is available in sufficient quantity [15]. 
Ultrastructurally, ascorbic acid plays an im- 
portant role in the maintenance of desmo- 
somes and tonofilaments in buccal epithelial 
cells [ 16]. 

It has been proposed that proliferating cells 
'escape' from their immediate environment via 
release of hyaluronidase which hydrolyzes the 
surrounding intercellular ground substance 
[17]. In health serum concentrations of phy- 
siological hyaluronidase inhibitor (PHI), a 
protein glycosaminoglycan complex, keep hy- 
aluronidase levels in check. There is evidence 
that ascorbic acid may be needed for PHI 
synthesis [18]. Under conditions of ascorbic 
acid deficiency or stress, serum PHI falls with 
the result that enzymatic depolymerization of 
intercellular material continues. Thus, one 
hypothesis suggests that neoplastic cells pro- 
duce, or can produce, hyaluronidase, and that 
ascorbic acid may have a potential role in 
anti-cancer therapy. 

Several investigators have documented al- 
tered collagen metabolism and increased col- 
lagen degradation accompanying neoplasia. 
The solid form of the Ehrlich ascites tumor 
exhibits a ten-tbld increase in collagen pep- 
tidase activity over muscle cells and ascites 
cells grown in the peritoneum [19]. Ascorbic 
acid addition reduces the collagen peptidase 
activity of cultured primary mouse fibroblasts 
[19]. 

Undoubtedly, the fibroblasts-collagen re- 
sponse was a major factor in the altered 
tumor tissue pattern observed in the present 
study, although the tumor cells responded as 
reflected in closer cell contact, decreased 
migration of daughter cells, depo~hion of 
material between the ceils, and basement 
membrane formation. 

\¥hether greater cell contact and deposition 
of material between cells affected cellular ad- 
hesion is uncertain. Basement membrane for- 
mation and a greater connective tissue stroma 
evident in some tumors may explain the de- 
creased migration of tumor daughter cells into 
the surrounding tissue. 
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Fig. 1. Hi~'tological appearance q/ a 13-day-old Ehrlich ascites tumor implanled in the thigh of  a CF 1 mouse drinking distilled 
zuater onh,. .\')J cellular clusters are pre,~ent: lz~,o mitotic jigure,s are present in the upper right (arrow~). Epo~_~, seelion, methylene 

blue azzrre I[. × 500. 

1@4. 2. Electron micrograph aj a representative lumo~ eell./~om a 1 3 - d a y  implant in a CF 1 nzou~e drin/:i,~ di~lifled water. ,Vote 
the lobalaled mleleu,t, and ertensiz~e endoplasmic reticnlrrm in lhe lo~,er /)oHion (JIhe cell. x ti3')_0. 

Figs. 3 and 4. Sections from tnmor~ implanted in ascorbic acid-supplemented Szci~, mi(~ ~. Fig. 3. 7)1,o ,mlaller cell clusters are 
marked hy the arrou,s: a larger grouping lies immediateh, to the lej~ (J  these lzt,o clu~ler~. Fig. 4. Regions of  more pronounced 
conneelive tissue z~,ere oeca,donal(~, oh,served. A mitotic ./igure is marked by the arro~,: a cell clr~ster is present to the left o f  this 

mitosis. Epory sections, meth~,lene blue azure I1. x 525 .  
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Figs. 5 and 6. Ultrastructural jbatures of eells in clusters in a,seorbic acid-supplemented Sw, iss mice. Fig. 5. A deme deposit jills the 
intercellular space,~ between three a(l]aeent lamor eell.~, x 15,600. FiL,. 6. (,'ell tnembram~ were often dose!), apposed, a,~ in these two 

~,~/~,~/, bm1~t.'d f~r mm,~'~) in~'~d~'hl A, li~,h! aTtrt dark ~/~dmp~ lumr~ celA. x 15,600. 
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Fig. 7. Tumor cells frequently maintained extensive microvillar projections (arrows); CF 1 mouse supplemented with ascorbic 
acid. x 8130. 

Fig. ~1. l]a.~cmenl membrane was present in asco~Die aeid-,opptemcl~l~.d mi<<' aud , ,a, i ,mallr . /ormed undulating pattern,~ as 
illu~halcd here (arrows, basement membrane). Swi~s mouse supplemet~led icilb a~mbic acid. x 15.380. 
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Unfor tuna te ly ,  results of  recent  studies on 
the effect of  ascorbic acid on neoplastic tissues 
are often contradic tory .  Morpholog ic  altera- 
tions have been repor ted  in i r radia ted 
Chinese hamster  ovary  cells grown in ascorbic 
ac id-supplemented  media  [20], and in mesen- 
chymal  tumors  [21]. Increased tumor  growth 
has been associated with higher  amounts  of  
ascorbic acid [21], and tumor  tissue appears  
to take up ascorbic acid to an increased 
extent  [22]; however,  in a series of  exam- 
inations of  squamous carc inoma of  the skin 
where ascorbic acid tumor  levels of  patients 
were obtained,  no alterations in histologic 
features related to ascorbic acid levels were 
found [22]. 

Thus ,  morphologic  changes in tumor  ar- 
chi tecture  may  or may  not  be observed dur ing  
var ia t ion of  levels of  ascorbic acid in the diet. 
I f  tumors do take up ascorbic acid to an 
increased extent,  the amoun t  available to the 
surrounding normal  tissue may  be reduced.  

This, in turn,  may  affect the efficacy of  the 
host response. 

In summary,  our  study of  Ehrlich tumor  
implanted  in ascorbic ac id-supplemented mice 
documen ted  clustering of  tumor  cells, closer 
association of  tumor  cells within these cul- 
tures, deposition of  cellular p roduc t  between 
cells, and the presence of  basement  mem-  
brane.  Clusters of  tumor  cells are significant 
since they may  reflect an improvement  in host 
resistance. Host  fibroblasts may  be more  suc- 
cessful in sequestering tumor  cells in mice 
supplemented  with ascorbic acid. This, in 
turn,  may  decrease the migrat ion of  daughter  
cells away from the tumor  into the surround-  
ing tissue and may  help control  tumor  in- 
vasiveness. These  changes in histological ar- 
chi tecture provide an explanat ion  tor the 
slower growth rate characteristics of  tumors in 
ascorbic ac id-supplemented mice. 
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