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Experimental tumors have great importance in modeling, and Ehrlich ascites carcinoma (EAC) is one of
the commonest tumors. EAC is referred to as an undifferentiated carcinoma and is originally
hyperdiploid, has high transplantable capability, no-regression, rapid proliferation, shorter life span,
100% malignancy and also does not have tumor-specific transplantation antigen (TSTA). Frequently,
tumor virulence increases via repetitious passages, while the proliferating rate of such tumors
increases gradually. However, the differentiation gradually disappears, while the cells get free growth
control mechanisms, gain hetero-transplantability and in the end, they are converted to the ascites’
form. EAC resembles human tumors which are the most sensitive to chemotherapy due to the fact that
they are undifferentiated and that they have a rapid growth rate. The ideal drug being ineffective or
minimally effective for normal cells have been focused on, and at this point, the usage of natural
sources as an alternative cancer therapy is thought to have a great value for cancer control and

programs’ destruction.

Key words: carcinoma, transplantability

EHRLICH ASCITES CARCINOMA

The intensive studies on the transplantable tumors were
taken into consideration in the last 2 to 3 decades. The
planned goal of that research was to improve new
techniques especially for experimental tumors in animals
that have been underlain at the basis of recent achieve-
ments in cancer therapy. Experimental tumors have great
importance for the purposes of modeling, and Ehrlich
ascites carcinoma (EAC) is one of the commonest. It
appeared firstly as a spontaneous breast cancer in a
female mouse (Aktas, 1996; Taskin, 2002), and then
Ehrlich and Apolant (1905) used it as an experimental
tumor by transplanting tumor tissues subcutaneously
from mouse to mouse. In 1932, Loewenthal and Jahn
(1932) obtained the liquid form in the peritoneum of the
mouse and named it as “Ehrlich ascites carcinoma” due
to the ascites liquid, together with the carcinoma cells.
Lettre et al. (1972) had provided not only the seizure of
this tumor, but also the conversion of it to the test system
which is suitable for qualitative and quantitative cancer
researches by their studies during World War Il. After
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1948, EAC cells had spread rapidly around the research
institutes all over the world.

EAC is referred to as an undifferentiated carcinoma,
and is originally hyperdiploid, has high transplantable
capability, no-regression, rapid proliferation, shorter life
span, 100% malignancy and also does not have tumor-
specific transplantation antigen (TSTA) (Kaleoglu and isli,
1977). In 1953, Haucscka (Lettre et al. 1972) obtained a
sub-clone whose chromosome was tetraploid, while in
the following years, such studies about diploid, hyperte-
traploid (Lennartz et al., 1968) and hypotetraploid (Burns,
1968) sub-clones were performed. However, Lettre et al.
(1972) succeeded in obtaining colchicine resistant tumor
clone and Sholz, with glycogen (+) and glycogen @
Ehrlich clones as well (Aktas, 1996).

The effusion, which contained neoplastic cells that are
proliferated after injection of tumor cells into the peri-
toneal cavity, is referred to as the “ascites”. Frequently,
tumor virulence increases via repetitious passages, while
the proliferating rate of such tumors increases gradually.
However, differentiation gradually disappears, while the
cells get free growth control mechanisms, gain hetero-
transplantability and in the end, are converted to the
ascites form (Kaleoglu and Isli, 1977). Ascites liquid is
gray-white, or sometimes has a light bloody viscose liquid
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and contains 10 million neoplastic cells in 0.1 cc (Aktas,
1996; Kaleoglu and isli, 1977).

Following the obtained Ehrlich ascites form, this has
been preferred frequently in researches. The reason for
its load usage is that the suspension contained homo-
geneous free tumor cells of the Ehrlich ascites tumor, and
in this way, it has a transplantable capacity for certain
guantitative tumor cells to another mouse (Klein, 1951).
Therefore, it is not only the tumor cell count that is trans-
planted, but also, the growing tumor size can be
determined by common basic counter systems (Ekinci,
2000).

EAC is used as ascites or a solid form due to these
purposes, that is, if ascites fluid contains the tumor cell
that injects i.p., the ascites form is obtained, but if it
contains s.c., a solid form is obtained (Okay, 1998;
Zeybek, 1996).

EAC cells grow in suspension in the peritoneal cavity of
mice and they do not adhere to the synthetic surface in
vitro (Aktas, 1996; Lazebnik et al., 1991; Song et al.,
1993; Vinuela et al., 1991). In 4 or 6 days after passage,
the ascites fluid is formed and a total of 5 or 12 cc ascites
fluid is accumulated (Gumughan, 2002).

Following the inoculation into the peritoneal cavity of
mice, EAC cells grow in two phases. These two phases
are: a proliferating phase, in which the number of cells in-
creases exponentially, and a plateau phase followed by a
resting phase, in which a number of cells stay almost
constant (Song et al., 1993; Siems et al., 1993; Grune et
al., 1992; Skog et al., 1990; Tannock, 1969). Several
studies reported that following the 3 x 10° EAC cells
transplantation i.p., the number of cells increased
exponentially in the 9th day and they were transmitted
from the exponential phase to the plateau phase starting
from the 9th and 10th day (Bulan, 1990; Altun, 1996;
Oner, 1985). In another study, the proliferating rate of
EAC cells was characterized in 4 phases. These phases
are: a logarithmic phase for 4 or 5 days, following the 10’
tumor cells transplantation i.p.; a plateau phase, in which
the number of cells stayed practically constant on the 5th
to 13th day; a transitory proliferating phase on the 13th to
15th day and a second plateau phase on the 15th to 18th
day (Szikla et al., 1981).

During the EAC cells transition from the proliferating
phase into the plateau phase, morphological and meta-
bolic changes (except the changes in cell kinetics) occur
(Aktas, 1996), such as: structural deterioration (Aktas,
1996; Siems et al, 1993; Schmidt et al.,, 1991;
Schwendel et al., 1994; Senger et al., 1983; Siems, 1989;
Segura et al., 2001; Latha et al., 2000; Haris et al., 1970),
decreased number of mitochondria (Siems et al., 1993;
Schmidt et al., 1991; Schwendel et al., 1994; Siems,
1989), decreased DNA and RNA biosynthesis (Aktas,
1996; Siems et al., 1993; Bulan, 1990; Schmidt et al.,
1991; Siems, 1989), loss of intracellular purine and pirimi-
dine nucleotides, nucleosides and bases (Siems et al.,
1993; Grune et al., 1992; Schmidt et al., 1991; Schwendel

et al., 1994; Siems, 1989), a decline of the ATP
concentration and turnover (Siems et al., 1993; Skog et
al., 1990; Oner, 1985), decreased protein synthe-sis
(Burns, 1968, Siems et al., 1993; Skog et al., 1990;
Schmidt et al., 1991; Estrela et al., 1992), increased
thymidine concentration with a decrease of thymidine
kinase activity (Aktas, 1996; Skog et al., 1990; Szikla et
al.,1981), decreased glutathione (GSH) concentration
(Marquez et al.,, 1989; Lobo et al., 2000; Balint and
Holczinger, 1984) and increased triglycerides, cholesterol
esters and free fatty acids (Aktas, 1996; Burns et al.,
1983).

The inhibition of NK and T cell responses was dra-
matically reported to be parallel with an inclination of the
repressed macrophages and down-regulator humoral
factors (Haris et al., 1970).

EAC cells increased via rapid cell division during the
proliferating phase and in the load peritoneal cavity.
Ascites fluid accumulation occurred in parallelism with the
proliferation of tumor cells. After a given time, the host
animal died due to the pressure exerted by the tumor
volume and/or the damage that resulted from the tumor
(Aktas, 1996; Altun, 1996; Oner, 1985). During the tran-
sition of the EAC cells from the proliferating phase to the
plateau phase, the rates of cell viability did not decrease
significantly (Schmidt et al., 1991).

For the accumulation of ascites fluid, whether or not the
tumor cells secrete a vascular permeability factor that
stimulated the accumulation of ascites fluid was
investigated, and in conclusion, vessels in the peritoneal
cavity of mice with EAC showed that the microvascular
permeability increased significantly in comparison with
those of the control group. This increased permeability
was detected by an effective permeability factor in ascites
fluid, but not in the normal plasma and serum (Senger et
al., 1983).

Altun (1996) reported that the rate of cell proliferation in
the bone marrow was inhibited, depending on the age of
the tumor in mice. This showed that inhibitor factors in
ascites fluid affected the normal cell population of the
host animal.

Contrary to these studies, Altun (1996) in another study
investigated the liver regeneration in mice with EAC and
reported that tumor growth stimulated the regenerative
growth. Gabrilovac et al. (1982) reported that peritoneal
fluids, collected in the early phase of tumor growth on the
4th and 6th day after tumor transplantation, were in-
effective on the proliferation of EAC cells in vitro, but
those collected on the 15th day increased DNA synthesis
(Gabrilovac et al., 1982). Burns et al. (1968) examined
the mitogenic activity of Ehrlich ascites carcinoma factor
(EACF) isolated from the cellular ascitic fluid in liver and
in other tissues of adult mice, and reported that DNA syn-
thesis was stimulated by this factor’'s mitogenic activity in
liver, submandibular gland, exorbital lachrymal gland and
the epithelium of the tongue of adult mice (Yeh et al.,
1985).



Donenko et al. (1992) examined the effect of Ehrlich
tumor cell’s dialysate and ascites fluid on the in vivo
progression of EAC and teratoma T-36 and concluded
that, the ascites fluid, together with the tumor cell’s dialy-
sate, protected the tumor cells in vivo. In comparison with
the control group, EAC dialysate and ascites fluid
increased the rates of the tumor cell progression by 195
and 153%, respectively.

ALTERNATIVE APPROACHES IN CANCER THERAPY

In modern medicine, 3 methods are generally used for
cancer therapy; chemotherapy, radiotherapy and surgery.
Nowadays, chemotherapy has been thought to be the
best effective therapy (Kayaalp, 1996).

The main principle of chemotherapy, which serves as a
drug treatment in cancer, is to prevent the growth and
progression of tumor cells or to destroy them by the effect
it has on tumor cells more than the normal cells of the
patient without side effect or with minimum side effect
(Mycek et al., 1998). In consequence, the aim is to
provide a lethal toxic effect of the used drugs to tumor
progression. Generally, the prevention of metabolic
pathways in cell replication is aimed. Furthermore, this
effect is aimed to be specific for only malign cells.
However, all the used drugs for cancer therapy are not
specific on cancer cells, in that they do not only affect the
proliferated cells, but also the normal cells. Therefore, all
cancer therapeutics are toxic and their dosage-response
curves are upright.

If tumor metastasis occurs and surgical treatment is
impossible, chemotherapy is preferably used for the
therapy. At the same time, it is applied after surgical and
radiation therapies to prevent micro-metastasis.

Although the cancer chemotherapy has a half century
clinical story, thousands of chemicals were investigated
in this study. However, only a few of these chemicals
classified due to different characteristics is used as a
drug to treat cancer nowadays (Oner, 1985).

The most sensitive tumors to chemotherapy are poorly
differentiated and they grow rapidly (Mycek et al., 1998).
Nonetheless, lots of cancer chemotherapeutics affect the
normal cells of patients seriously (Mascarenhas, 1994).
For instance, cytostatics in cancer therapy focus on the
intracellular targets and its effect mechanism, which is a
natural cell damage. However, the resistance of some
tumor types against this drug group and also hepatoxic,
nephrotoxic, cardiotoxic, etc side effects on normal cells
make new agents for cancer therapy necessary (Soini et
al., 1998).

Scientists’ studies about cancer therapy have focused
on the ideal drug being ineffective or minimally effective
for normal cells (Gimushan, 2002). At this point, the
usage of natural sources is thought to have a great value
for cancer control and programs’ destruction (Suffiness
and Pezzuto, 1991).

The usage of plant preparations in medicine has a
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great historical inheritance among people (Duke, 1985).
Nature gives a great deal of effective anti-cancer agents
such as dactinomycin and doxorubicin derived from
microorganisms and vinblastine, irinotecan, topotecan,
vincristine and taxanes from plants which are used
frequently in recent years. Several plants were reported
to stimulate the immune system in different pathways. In
addition, they increased specific cellular and humoral im-
mune responses (Bhakuni et al., 1969). Moreover, there
is a growing trend for herbal drugs because of low toxicity
and high medical effectiveness of the extracts from these
plants.

CONCLUSION

EAC has a resemblance with human tumors which are
the most sensitive to chemotherapy due to the fact that it
is undifferentiated and that it has a rapid growth rate. Due
to the resemblance, some researchers reported that
some plant extracts were effective against EAC (Ozaslan
et al., 2007, 2009a, 2009b; Cragg and Newmann, 1999).
Although there are a lot of floristic studies,
approximately 10% of the 250,000 complex plant species
only were investigated at their chemical and pharmaco-
logical sites. Nonetheless, the search of new toxic agents
from natural sources has been conducted in collaboration
with scientists, worldwide (Cragg and Newmann, 1999).

REFERENCES

Aktas E (1996). Ehrlich Asit Sivisinin L-Huicrelerinin GCogalma Hizina
Etkisi. Yilksek Lisans Tezi. Istanbul Universitesi Fen Bilimleri
Enstitiisi. Istanbul.

Altun S (1996). Normal, Timoral ve Rejeneratif Blyliimeler Arasindaki
Kinetik iligkiler. Tradit. J. Biol. Tiibitak. 20(3): 153-173.

Balint Z, Holczinger L (1984). Changes in Lipoprotein Lipase Activity
(LPLA) in Tumor Cells and Tissues in Mice Bearing Ehrlich Ascites
Tumor. Bull. Cancer, 71(5).

Bhakuni DS, Dhar ML, Dhar MM, Dhawan BN, Hehrotra BN (1969).
Screening of Indian Plants for Biological Activity. Part Il. Indian J.
Exp. Biol. 7: 250-262.

Bulan O (1990). Ehrlich Ascites Tiimér Hiicrelerinde Yaglanma ile
Hiicre Kinetigi Arasindaki lliskiler. Yiiksek Lisans Tezi. istanbul
Universitesi Fen Bilimleri Enstitiisii. Istanbul.

Burns ER (1968). Initiation of DNA Synthesis in Ehrlich Ascites Tumor
Cells in Their Plateau Phase of Growth. Cancer Res. 28: 1191-1196.
Burns ER, Yeh H, Yeh Y (1983). Initiations of DNA Synthesis in the
Parotid Salivary Gland of Adult Mice by a Factor Isolated From
Acellular Fluid of Ehrlich Ascites Carcinoma. Biosci. Rep. 3(2): 113-

125.

Cragg GM, Newmann D (1999). Discovery and Development of
Antineoplasic Agents from Natural Sources. Cancer Investigation, 17:
153-163.

Donenko FV, Kabieva AO, Moroz LV (1992). In vivo Model of Ehrlich
Carcinoma and Teratoma T-36 Growth by Ascitic Fluid and Dialysate
of Ehrlich Tumor Cells. Biull. Exp. Biol. Med. 114(8): 193-195.

Duke JA (1985). CRC Handbook of Medicinal Herbs. CRC Pres
International Inc. pp. 272-276.

Ehrlich P, Apolant H (1905). Beobachtungen Uber Maligne
Mausentumoren. Berlin. Klin. Wschr. 28: 871-874.

Ekinci G (2000). Kati Ehrlich Ascites Tumorinin Buylime
Kinetigi. istanbul Universitesi Fen Bilimleri Enstitiisii. Istanbul.
Estrela MJ, Hernandez R, Terradez P, Asensi M, Puertes R, Vina J



2378 Afr. J. Biotechnol.

(1992). Regulation of Glutathione Metabolism in Ehrlich Ascites Tumour
Cells. Biochem. J. 286: 257-262.

Gabrilovac J, Benkovic B, Burek B, Cepelak I, Boranic M (1982).
Immunoregulatory Activity of Cell-Free Peritoneal Washings of Mice
with Ehrlich Ascitic Carcinoma. Res. Exp. Med. 180: 147-154.

Grune T, Siems W, Uhlig R, Jakstadt M (1992). Adenine Metabolism of
Ehrlich Mouse Ascites Cells in Proliferating and Resting Phases of
Tumor Growth. Biochemical Int. 26(2): 199-209.

Gimishan H (2002). I.P., i.V., S.C., Yollarla Uygulanan Adriamycin’in
Ehrlich Asit Timérii (EAT) Taglyan Farelere Etkileri Uzerine Bir
Calisma. Harran Universitesi Fen Bilimleri Enstitiisii. Yiiksek Lisans
Tezi. Sanliurfa.

Haris WJ, Meyskens F, Patt MH (1970). Biochemical Studies of
Cytokinetic Changes During Tumor Growth. Cancer Res. 30: 1937-
1946.

Kaleoglu O, Isli N (1977). Ehrlich-Lettre Asit Timérii. Tip Fakiiltesi
Mecmuasi. 40: 978-984.

Kayaalp O (1996). Tibbi Farmakoloji. Hacettepe Tas Kitapgilik. ISBN:
975-7731-23-4. 79-322. Ankara.

Klein G (1951). Comparative Studies of Mouse Tumors with Respect to
Their Capacity for Growth as “Ascites Tumors” and Their Average
Nucleic Acid Content Per Cell. Experimental Cell Research. 2: 518-
573.

Latha PG, Evans DA, Panikkar KR, Jayavardhanan KK (2000).
Immunomodulatory and Antitumor Properties of Psoralea corylfolia
Seeds. Fitoterapia, 71: 223-231.

Lazebnik YA, Medvedeva DN, Zenin VV (1991). Reversible G2 Block in
the Cell Cycle of Ehrlich Ascites Carcinoma Cells. Exp. Cell Res.
195: 247-254.

Lennartz KJ, Maurer W, Eder M (1968). Autoradiographic Analysis of
the Cell Cycle of Ascites Tumors (Mouse) of Various Chromosome
Stemlines and Different Origin. Z. Krebsforsch. 71: 267-282.

Lettre R, Paweletz N, Werner D, Granzow C (1972). Sublines of the
Ehrlich-Lettre Mouse Ascites Tumor, A New Tool for Experimental
Cell Research. Naturwissenschaften, 59: 59-63.

Lobo C, Ruiz-Bellido MA, Aledo JC, Marquez J, De Castro IN, Alonso
FJ (2000). Inhibition of Glutaminase Expression by Antisense mRNA
Decreases Growth and Tumourigenicity of Tumour Cells. Biochem. J.
348: 257-261.

Loewenthal H, Jahn G (1932). Ubertragung-Suersuche Mit
Carcinomatdser Mause-Asciteslussigleit Und Ihr Verhalten Gegen
Physikalische Und Chemische Einwirkungen. Z. Krebsforsch. 37:
439-447.

Marquez J, Sanchez-Jimenez F, Medina MA, Quesada AR, De Castro
IN (1989). Nitrogen-Metabolism in Tumor-Bearing Mice. Arch.
Biochem. Biophys. 268: 667-675.

Mascarenhas M (1994). Structure-Activity Characterization, a Quick
Method to Screen Mushrooms for the Presence of Antitumor
Glucans. Mushroom Res. 3: 77-80.

Mycek MJ, Harvey RA, Champe PC (1998). Lippincott's lllustrated
Reviews Serisinden. Farmakoloji.

Okay HG (1998). Deneysel EAT Olusturulan Fare Karaciger
Plazmasinda Nitrik Oksit Metabolizmasinin Incelenmesi. Yiiksek
Lisans Tezi. Istanbul Universitesi Saglik Bilimleri Enstitiisi.
Biyokimya ABD. istanbul.

Oner D (1985). Ehrlich Ascites Timor Hiicrelerinde Vincristin’e Karsi
Duyarliigin Timér Yasi ile lligkisi. Istanbul Universitesi Fen Bilimleri
Enstitisi Radyoloji ve Saghk Fizyolojik Arastirma ve Uygulama
Merkezi. Istanbul.

Ozaslan M, Didem Karag6z |, Kalender ME, Kilic IH, Sari |, Karagdéz A
(2007). In vivo antitumoral effect of Plantago major L. extract on
Balb/C mouse with Ehrlich ascites tumor. Am. J. Chin. Med. 35(5):
841-851.

Ozaslan M, Karagoz ID, Kilic IH, Cengiz B, Kalender ME, Guldur ME,
Karag6z A, Zumrutdal ME (2009a). Effect of Plantago major sap on
Ehrlich ascites tumours in mice. Afr. J. Biotechnol. 8(6): 955-959.

Ozaslan M, Zimritdal ME, Daglioglu K, Kilic 1B, Karagéz ID, Kalender
ME, Tuzcu M, Colak O and Cengiz B (2009b). Antitumoral Effect of L.
inermis in Mice with EAC. Int. J. Pharmacol. 5(4): 263-267.

Schmidt H, Siems W, Muler M, Dumdey R, Rapoport SM (1991). ATP-
Producing and Consuming Processes of Ehrlich Mouse Ascites
Tumor Cells in Proliferating and Resting Phases. Exp. Cell Res. 194:
122-127.

Schwendel A, Siems WG, Grune T, Holzhitter GH (1994). Transitions
of Hepatic Purine Metabolism of Ehrlich Ascites Tumor Bearing Mice
in Different Phases of Tumor Growth. Biochem. Mol. Biol. Int. 34(3):
457-463.

Segura JA, Ruiz-Bellido MA, Arenas M, Lobo C, Marquez J, Alonso FJ
(2001). Ehrlich Ascites Tumor Cells Expressing Anti-Sense
Glutaminase RNA Lose Their Capacity to Evade the Mouse immune
System. Int. J. Cancer, 91: 379-384.

Senger DR, Gali SJ, Dvorak MA, Perruzzi CA, Harvey VS, Dvorak HF
(1983). Tumor Cells Secrete a Vascular Permeability Factor That
Promotes Accumulation of Ascites Fluid. Science, 219: 983-985.

Siems W (1989). Changes in the Nucleotide Metabolism of Ehrlich
Ascites Tumor Cells during their growth In vivo. Cell. Mol. Biol. 35(3):
255-262.

Siems WG, Grune T, Schmidt H, Tikhonov YV, Pimenov MA (1993).
Purine Nucleotide Levels in Host Tissues of Ehrlich Ascites Tumor
Bearing Mice in different growth phases of the Tumor. Cancer Res.
53: 5143-5147.

Skog S, He Q, Tribukait B (1990). Lack of Correlation Between
Thymidine Kinase Activity and Changes of DNA Synthesis With
Tumour Age: An In Vivo Study in Ehrlich Ascites Tumour. Cell Tissue
Kinetics, 23: 603-617.

Soini Y, Paakkd P, Letho UP (1998). Histopatological Evaluation of
Apoptosis in Cancer. Am. J. Pathol. 153: 1041-1053.

Song Z, Varani J, Goldstein 1J (1993). Differences in Cell Surface
Carbohydrates and in Laminin and Fibronectin Synthesis Between
Adherent and Non-adherent Ehrlich Ascites Tumor Cells. Int. J.
Cancer, 55: 1029-1035.

Suffiness M, Pezzuto JM (1991). Methods in Plant Biochemistry.
Academic Press. New York. 6: p. 71.

Szikla K, Pokorny E, Hullan L, Holczinger L (1981). Variations of
Thymidine Kinase Activity and DNA Content in Ehrlich and L121,
Ascites Tumor Cells during Tumor Growth. Cancer Biochem.
Biophys. 5: 259-264.

Tannock IF (1969). A Comparison of Cell Proliferation parameters in
Solid and Ascites Ehrlich Tumors. Cancer Res. 29: 1527-1534.

Taskin EI (2002). Ehrlich Ascites Timérii ile Balb-C Farelerde
Olusturulmus Solid Tiimér Modelinde Curcuminin Apoptoz Uzerine
Etkileri. istanbul Universitesi Saglik Bilimleri Enstitiisii Tibbi Biyoloji
Anabilim Dali. istanbul.

Vinuela JE, Rodriguez R, Gil J, Coll J, Concha E, Subiza JL (1991).
Antigen Shedding Vs. Development of Natural Suppressor Cells As
Mechanism of Tumor Escape in Mice Bearing Ehrlich Tumor. Int. J.
Cancer, 47: 86-91.

Yeh HW, Burns ER, Yeh YC (1985). Initiation of DNA Synthesis in the
Liver and Other Tissues of Adult Mice by a Factor (EACF) Isolated
From Acellular Fluid of Ehrlich Ascites Carcinoma. Biosci. Rep. 5:
205-214.

Zeybek SU (1996). En Uygun Ehrlich Ascites Tiimér Modellerinin Farkli
Soy ve Cinsiyetteki Farelerde Gésterilmesi. Istanbul Universitesi
Saglik Bilimleri Enstitisi Deney Hayvanlari Biyolojisi ve Biyomedikal
Uygulama Teknikleri Anabilim Dali. Yiiksek Lisans Tezi. istanbul.


javascript:AL_get(this,%20'jour',%20'Am%20J%20Chin%20Med.');

