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Abstract

We investigated the effect of bee venom (BV), hony, royal jelly (RJ), water-soluble derivative of propolis (WSDP) and related polyphenolic compounds (caffeic acid-CA, caffeic acid phenethyl ester-CAPE, quercetin-QU) on tumor growth and metastasing ability. Tumor was a transplantable mammary carcinoma (MCa) of CBA mouse. Metastases in the lung were generated by 2 x 105 viable tumor cells injected intravenously (iv). When tested compounds were applied to HeLa, V79, and MCa tumor cells in vitro all but WSDP exibited a cytotoxic effect. Local prence of BV, CA, and CAPE in the tissue caused significant delay of tumor formation. When mice were given 105 tumor cells iv immemately after BV injection, the number of tumor nodules in the lung was significantly lower (p < 0.001) than in untreated mice or mice treated with BV subcutaneously (sc). These findings clearly demonstrated that antitumor and antimetastatic effects of BV was highly depedent on route of injection and on close contact between components of the BV and tumor cells. RJ did not affect metastases formation when given intraperitoneally, sc or iv 7 and 14 days before or 2 and 9 days after tumor cell inoculation while in the case of synchronous application of tumor cells and RJ a significant (p < 0.05) inhibition of metastases formation was observed. On the other hand, honey exerted pronounced antimetastatic effect (p < 0.05) when applied before tumor cell inoculation (per os 2 gr/kg for mice or 1 gr/kg for rats, once a day for 10 consecutive days) while WSDP and related polyphenolic compounds had significant antimetastatic effect (p < 0.01; p < 0.001) given either before or after tumor cell inoculation. Apoptosis and massive necrosis were indentified by flow cytometry using annexin and propidium iodide or in situ by TUNEL methode in MCa cells after treatment with BV or CAPE. Other tested compounds induced mostly apoptosis. In addition to suppression of tumor growth by tested compounds, there was an increase in ratio CD4/CD8 T cells and  macrophage cytotoxicity for tumor cells in mice treated with tested compounds was observed. These data suggest that honey-bee products may have an  important role in stimulation of specific and non-specific immunity; they also influence tumor growth by direct action.
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Introduction

There has been a revival of interest in the medical properties of honey bee products because they are thought to exhibit a broad spectrum of activities including antibacterial, antifungal, cytostatic, wound healing, antitumor effects and antiinflammatory proprties (Kimoto et al.,1998; Kobayashi et al., 2001, Tonks et al., 2001; Mabrouk et al., 2002). Studies by Gribel and Pashinskii (1990) indicated that honey possessed moderate antitumor and pronounced antimetastatic effects in five different strain of rat and mouse tumor. Furthermore, honey potentiated the antitumor activity of chemotherapeutic drugs such as 5-fluorouracil and cyclophosphamide. Bee honey also is an effective agent for inhibiting the growth of T24, RT4, 253J and MBT bladder cancer cell lines in vitro as well as in vivo when administered intralesionally or orally in the MBT-2 bladder cancer implantation models (Swellam et al., 2003). Similar effect on tumor implatation was achived by the application of honey locally (Hamzaoglu et al., 2000). Propolis contains a variety of compounds including caffeic acid, benzoic acid and their esters, substituted phenolic acid and esters, flavonoid glycones, and beewax. Caffeic acid phenetyl ester (CAPE) exhibits different toxicity to cancer cells versus normal cells (Su et al., 1995). CAPE was reported to be a lipoxygenase inhibitor with antioxidant properties (Sudlina et al., 1993). For quercetin, on the other hand, a powerful growth-inhibitory activity on tumor cell line was demonstrated (Piantelli et al., 1995). Antitumor effects of royal jelly were investigated employing transplantable tumors of mouse advance leukemia L1210 and P388 strains and Ehrlich, Sarcoma-180 ascites and solid tumor strains (Tamura et al 1987). Same authors indicated that royal jelly might not be effective on rapid-growing tumors, but it might be effective on mild- and slow growing tumors. The major components of bee venom are histamine, catecholamines, polyamines, melittin, and phospholipase A2. It was demonstrated that melittin is one of the most potent inhibitors of calmodulin activity, and as such also is a potent inhibitor of cell growth and clonogenicity (Hait et a.l, 1985; Shaposhnikova et al., 1997). There is also some evidence suggesting that calmodulin inhibitors are cytotoxic to malignant cells both in vitro ( Shaposhnikova et al., 2001) and in vivo (Ito and Hidaka 1983, Shaposhnikova et al., 2001). Previous studies from our laboratory have shown that bee venom exhibit antitumor activity in vitro and in vivo (Oršolić et al 2001). The possible mechanisms of antitumor action was apoptosis, necrosis and lysis of tumor cells. Apoptosis of the K1735M2 cells was suggested as the possible mechanism by which bee venom inhibited cell proliferation and induced K1735M2 cell differentiation in vitro (Liu et al., 2002). The in vivo experiment with B16 melanoma indicated that bee venom could be used as a chemotherapeutic agent against malignant tumors (Liu et al., 2002).

With these factors in mind, we performed experiments using honey bee products to determine which of these compounds could be used as efective chemopreventive agents in preclinical efficacy studies using laboratory animal models.

Material and methods 

Animal studies

Male and female CBA inbred mice from our conventional mouse colony were used. In any experiment, mice were of the same sex and were approximately 3 months old at the initiation of each study. In some experiments 5-month-old Y59 rats, weighing 280-350g were used. The animals were maintained on a pellet diet and water ad libitum.

Tumor

A transplantable mammary carcinoma (MCa) of spontaneous origin in CBA mouse, which is weakly immunogenic for syngeneic recipients (Bašić and Varga 1979) and a transplantable anaplastic colon adenocarcinoma (ACa) of rat, which is midly immunogenic for syngeneic recipients were used (Eljuga et al., 1993).

Tumor‑cell suspension

Single cell suspension was prepared by digestion with trypsin (Oršolić et al., 2001). Each suspension was passed through a stainless steel mash, washed in saline centrifuged three times by centrifugation and then resuspended in medium RPMI‑1640  supplemented with 5% of syngeneic serum. Viability of cells was 95%.

Production of tumor into the muscle tissue of the right hind leg

Tumor into the muscle tissue of the right hind leg was generated by sc injection of 105 or 104 tumor cell, respectively. Tumor was measured with a calliper and its volume is estimated from two - dimensional measurements: tumor volume (mm3) = (a x b2) / 2, were a and b are the tumor length and width (mm), respectively (Yoshikawa et al.,1999).

Survival analysis

For the survival analysis mice were inoculated with 105 mammary carcinoma cells in exact site of subcutaneous injection of of WSDP or its polyphenolic compounds. In otheh experiments mice were given WSDP or CA ip or po (50 or 150 mg/kg) before or after tumor cell inoculation and the death endpoint was determined either by spontaneous death of the animals. Results are expressed as percent of mean survival time of treated animals over mean survival time of the control group (treated vs. control, T/C%) and increased lifespan (mean survival time of treated animals minus that of control animals over the mean survival time of the control group; increased life span, ILS, %). By NCI criteria, T/C exceeding 125% and ILS exceeding 25% indicate that the drug has significant antitumor activity (Plowman et al., 1995).

Production of tumor nodules (metastases) in lungs

Metastases in the lung were generated by injecting 2x105 viable tumor cells suspended in 0.5 ml of medium RPMI‑1640 supplemented with 5% syngeneic mouse serum into the tail vein. Twenty one-day later mice were killed and their lungs removed and fixed in Bouin's solution. Tumor nodule on the surface of lung were counted with the naked eye.

Honey

Fresh samples of floral honey stored in dark in tin containers at 4°C were used. Different dilutions of honey were prepared using sterile distlled water.

Water‑soluble derivative of propolis (WSDP) treatment

 A water‑soluble derivative of propolis (WSDP) was prepared by the method described elsewhere (Nikolov et al., 1987). Briefly, propolis was extracted with 96% ethanol, which was filtered and evaporated to dryness in vacuum evaporator. The resultant resinous product was added to a stirred solution of 8% L‑lysine (Sigma Chemie, Deisenhofen, Germany) and freeze‑dried to yield WSDP, a yellow‑brown powder. WSDP was stored under sterile conditions at 4(C. Before use WSDP was dissolved in distilled water.

Flavonoids

 Caffeic acid (CA) – 3,4-dihydroxycinnamic acid (Aldrich–chemie, Milwaukee, WI, USA), Quercetin dihidydrate (QU) (Fluka, BioChemica, Switzerland) and Caffeic acid phenethyl ester (CAPE) that was obtained by esterification of caffeic acid with phenethyl alcohol in benzene (Grunberger et al., 1988) were used.

Royal Jelly 

Samples of royal jelly were collected, during the period from June to July, when the larvae of queen honey bees were 3 days old, and were kept frozen at -10°C until used.

Bee venom

Lyophilized whole bee venom was purchased from Medex (Ljubljana, Slovenia). Bee venom was dissolved in 0.5 ml distilled water at different concentrations and centrifuged at 12,000 rpm for 10 minutes to remove insoluble materials. The resulting solutions were administered in various schemes to male and female CBA mice.
Apoptosis analysis
 Apoptosis was determined by techniques described by Tellford et al. (1994). Briefly, bivariant flow cytometry was performed on cells grown in the presence or absence of tested compounds for various times (3 and 15 hours). Fluorescein–labeled annexin V and propidium iodide (PI) was added to the cells. The cells were then analyzed by flow cytometry.

Statistics

Statistical significance was evaluated using the Student's t test.Survival curves of animals with MCa were determined using method of Kaplan and Meier (1958) and the analysis of differences between survival curves was performed with the stepwise regression model of Cox (Cox 1972). Differences between groups were considered statistically significant at p<0.05. 

Results

The effect of WSDP and related polyphenolic compounds (CA, CAPE or qu) on metastases formation was studied in mice injected iv with tumor cells at different time schedules. Tested compounds were given po; the dose comprises 50 mg/kg or 150 mg/kg for WSDP, CA and CAPE, and 30 mg /mouse for QU, respectively. Mice were killed 21 days after the treatment and the number of metastases in the lung determined.
Table (I) shows that, the number of tumor nodules in the lungs of treated mice was significantly lower (p<0.001) than in control mice. The antimetastatic effect of WSDP was of higher degree than that achieved by either CA or CAPE. When given to mice (30 mg/mouse for 14 consecutive days) QU significantly decreased the number lung colonies, while other compounds were effective in much lower doses. WSDP, and CA also interfered with subcutaneous (sc) tumor growth which resulted with prolonged survival of treated mice (Tables II). RJ did not affect metastases formation of MCa  in mice when given intraperitoneally, sc or iv 7 and 14 days before or 2 and 9 days after tumor cell inoculation while injected of synchronously with tumor cells and RJ a significantly (p < 0.05) inhibited metastases formation in the lungs (Table III). Similar effects on metastases formation was achived with ACa cells in Y59 rats after treatment with RJ (data not shown). As shown in Table IV, treatment with honey exerted pronounced antimetastatic effect (p < 0.05) when given  per os before tumor cell inoculation ( 2 gr/kg for mice or 1 gr/kg for rats, once a day for 10 consecutive days).Treatment of mice after tumor cell inoculation however,  increased the number of tumor nodules.

Table I. Effect of WSDP and related polyphenolic compounds on the number of MCa lung metastases in CBA mice. 

Treatmenta


Dose

mg/kg
Time of treatment


No of tumor nodules/lung (mean ± SE) b

Range

-
–
–
65.14 ± 5.73
42 – 86

Propolis
50
15, 10 and 5 days before iv tumor cells inoculation
7.5 ± 2.80**
0 – 21


150

16.28 ± 2.67**
3 – 24

Caffeic acid
50

19.14 ± 4.69**
3 – 27


150

36.71 ± 3.59*
27 – 55

CAPE
50

22.00 ± 2.67**
11 – 30


150

32.33 ± 2.80**
22 – 46

- c
-
-
50.33 ± 6.49
30-85

Quercetin

30 mg/mouse
for 7 consecutive days d
53.33 ± 6.69
20-72


30 mg/mouse
for 14 consecutive dayse
27.14 ± 4.12((
8-37


30 mg/mouse
for 7 consecutive daysf
24.2 ± 3.1((
7-33

aCompounds were given per os (po)

b2 ´ 105 tumor cells per mouse injected iv, the number of tumor nodules in the lung was determined 21 days after tumor cell inoculation.

cControl for quercetin; separate experiment.

dQuercetin was given po for 7 consecutive days before tumor cell inoculation.

eQuercetin was given po for 7 consecutive days before and 7 days after tumor cell inoculation.

fQuercetin was given po for 7 consecutive days after tumor cell inoculation.

The value was significantly different (*p < 0.01; **<0.001) from the corresponding value of untreated mice, as measured by Student(s t test. Groups comprised 7-9 mice (mean ± standard error).

Table II. Survival of CBA mice treated with WSDP and caffeic acid before tumor cell inoculation

Groupsa
N0 of inoculated

MCa cells
Mice per group
Dose mg/kg (ip)
Range (days)
Median survival time (days)
ILS%
T/C%

Control
105
6
-
30-44
37
-
-

Propolis ip

6
50
41-75
56.5
52.70
152.70



6
150
36-47
42.8
12.97
112.97

Propolis po

6
50
32-47
41.66
12.59
112.59



6
150
35-53
47.16
27.459
127.459

Caffeic acid po

6
150
32-50
41.8
12.97
112.97

Control
104
6
-
42-53
47
-
-

Propolis ip

6
50
50-88
69.83
48.57
148.57



6
150
53-74
64.33
36.87
136.87

Propolis po

6
50
42-78
54
14.89
114.89



6
150
43-75
62.83
33.68
133.68

Caffeic acid po

6
150
53-85
66.16
40.765
140.765

aTested compounds were given 15, 10 and 5 days before MCa cell inoculation. 

ILS, increased life span; T/C, treated vs control 

Table III.The effect of royal jelly on the number of lung metastases of Mca in CBA mice

Experimental groupa
Route of royal jelly injection
Metastases

(mean ± SE)
t-test

Control
-
13,9 ±1.65
ns

1b
ip
11.5 ± 1.64
ns


sc
19.3 ± 0.48
ns


iv
18.7 ± 0.70
ns

2c
ip
11.5 ± 0.67
ns


sc
12.3 ± 0.64
ns


iv
16.3 ± 0.48
ns

3d
ip
23.8 ± 1.74
ns


sc
12.9 ± 0.60
ns

4e
iv
0.3 ± 0.07
P<0.05

a105 tumor cells/mouse injected iv; the number of tumor nodules in the lung was determined 21 days after tumor cell inoculation. Group comprised 7-9 mice each.

bRoyal jelly was given to mice ip or sc (0.1 ml/mouse) or iv (0.025 ml/mouse) 7 and 14 days before tumor cell inoculation. 

cRoyal jelly was given to mice ip or sc (0.1 ml/mouse) or iv (0.025 ml/mouse) 7 and 14 days after tumor cell inoculation. 

dRoyal jelly was given to mice ip or sc (0.1 ml/mouse) immediately and 7 days after tumor cell inoculation.

eRoyal jelly  (0.025 ml/mouse) was  mixed  with  105  tumor cells/mouse  and given to mice iv immediately after mixing. 

NS-non significant

Table IV. Effect of honey on the number of MCa lung metastases in CBA mice and ACa lung metastases in Y59 rats 
Animal
Treatment
Dose

mg/kg
Time of treatment
No of tumor nodules/lung (mean ± SE)


Range

Mousea
-
-
-
39.75 ± 5.17
19-61


Honey
2 g/kg
for10 consecutive days b
14.33 ± 3.73(
3-26




for 20 consecutive daysc
29.25 ± 3.92
16-64




for 10 consecutive daysd
35.00 ± 6.80
11-69

Rate
-

-
75.0 ± 7.8
61-109


Honey
1 g/kg
for 10 consecutive daysf
32.8 ± 4.9((
22-44




for 10 consecutive daysg
confluentno


a2 ´ 105 tumor cells per mouse injected iv, the number of tumor nodules in the lung was determined 21 days after tumor cell inoculation.

bHoney was given po for 10 consecutive days before tumor cell inoculation.

cHoney was given po for 10 consecutive days before and 10 days after tumor cell inoculation.

dHoney was given po for 10 consecutive days  after tumor cell inoculation.

eControl for rats’, separate experiment; 105 tumor cells/rat injected iv; the number of tumor nodules in the lung was determined 21 days after tumor cell inoculation.

fHoney was given po for 10 consecutive days before tumor cell inoculation.

gHoney was given po for 10 consecutive days  after tumor cell inoculation.

The value was significantly different (*p < 0.05; **<0.01) from the corresponding value of untreated mice as measured by Student(s t test. Groups comprised 7-9 mice (mean ± standard error).

Table V. Effect of bee venom on the number of MCa lung metastases in CBA micea

Bee venom doseb

((g/mouse)
Route of bee venom injectionc
Number of metastases

(mean ( SE)d
Range

-
-
14.7 ( 1.3
7-20

75
iv
5.1 ( 1.17*
2-8

75
sc
33.0 ( 7.5
18-59

150
iv
5.1 ( 0.45*
0-9

150
sc
21.4 ( 2.27
11-33

aEach group comprised 7-9 mice.

b105 cell/mouse was intravenously injected immediately after bee venom inoculation. The number of tumor nodules in the lung was determined 21 days after tumor cell inoculation.

civ, intravenous; sc, subcutaneous

dValues are mean ( standard error.

*Value was significantly different (p < 0.001) from corresponding value in untreated mice.

To test the effect of bee venom on lung colony formation CBA mice were injected iv or sc with either 75 (g or 150 (g of bee venom. Immediately after bee venom inoculation 105 MCa tumor cells were injected iv. In the group treated iv with either dose of bee venom the number of tumor nodules in the lungs was significantly lower (p< 0.001) than in untreated mice (Table V). Figure 1 shows how the presence of bee venom in the tissue of tumor cell inoculation survival rate of CBA mice. Bee venom (150, 300, or 600 (g/mouse)  was injected sc into footpad. Immediately after bee venom injection, the mice received a sc injection containing 105 viable tumor cells into the exact spot of bee venom inoculation. Tumor growth was monitored every 5 days; appearence of tumor was delayed in mice treated with bee venom and it was bee venom dose depedent (data not shown). Survival duration of mice treated with bee venom was significantly longer than that of the control, irrespective of bee venom dose (Figure 1).
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Figure 1. Overall survival of CBA mice inoculated with 105 mammary carcinoma cells into the very spot of subcutaneous inoculation of different doses of  bee venom. Tumor cells were introduced  immediately after bee venom inoculation. Each group comprised seven to nine mice.

By flow cytometry the rate at which MCa cells in the presence of WSDP, CA, CAPE, QU or bee venom undergo apoptosis or necrosis was studied. Cells were exposed to tested compounds for 3 h or 15 h and their influence were analysed by bivariant flow cytometry (image analysis of anexin V- and PI-labelled cells). The percentage of apoptotic MCa cells was 0.56- 31,24% after 3 hours, while it was 6.02-26.43 after the incubation with tested compound for 15 hours (Figure 2). A process of apoptosis after 15 h culture MCa cells in the presence of QU and CA was smaller than after 3 h. These suggest that the process of apoptosis was finished before 15 h of incubation (Figure 2). Maximum apoptosis (31.24%) is apparent in MCa cells treated with QU (50 (mol/ml) after 3 h and CAPE (10  (g/ml) after 15 h, respectively. Tested compounds decreased the percent of cells in necrosis after 3 h versus control cells. The percentage of necrotic cells was highest in CAPE-treated MCa cells (32.19%). The early stage of apoptosis in anexin V image analysis started 3 hours after treatment of MCa cells with bee venom. The percentage of cells in A0 by flow cytometry, an  another indicator of apoptosis, shows that the degree of apoptosis induction by bee venom in MCa cells after 3 or 15 hours was similar to the results accomplished with annexin V.
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Figure 2. Effect of propolis and its related flavonoids and bee venom on induction of apoptosis and necrosis in MCa cells. Cells were cultured in the presence or absence of propolis, caffeic acid, CAPE, quercetin or  bee venom for 3 or 15 hours, washed and stained with fluorescein-labeled anexin V and propidium iodide and analyzed by flow cytometry. Result is the percentages of apoptosis/necrosis obtained by subtraction of treated and control samples.(-) means that degree of necrosis was lower than that of controls.

Discussion 

The major aim of this investigation, which is part of large-scale study on the identification of naturally occurring compounds with potential chemopreventive properties, was to examine the inhibitory effect of honey bee products on tumor growth and metastasing ability in animal models. This investigation clearly demonstrated the chemopreventive effect of honey bee products, especially WSDP and its polyphenolic compounds. The significant decrease in number of tumor lung nodules noted in mice treated with WSDP and related polyphenolic compounds before or after tumor cell inoculation (Table I). These compounds not only reduced the number of experimental metastases, but also reduced the tumor volume and increased life span (ILS) for 12.97% to 52.70% (Table II). The best results were achieved in mice treated with 50 mg/kg WSDP given ip before tumor cell inoculation. It is likely that the antitumor activity of WSDP is the result of synergistic activities of its polyphenolic compounds.

There are findings indicating strong antitumor effectiveness achieved by flavonoids in animal tumor models (Zaharko et al.,1986; Scheller et al., 1989; Kimoto et al., 1998; Hayashi et al., 2000; Heo et al., 2001). 

It is interesting that honey pronounced significant antimetastatic effect, only in preventive studies, when applied before tumor cell inoculation, while curative treatment of animals with honey increased number of metastases. Thie later  suggests that honey may be used as a source of nutritions for tumor growth, similar stends for RJ given sistemically. However, when RJ was injected intratumorally (tumor 5 mm in diameter), tumors decreased in size (dose of 0.1 ml); the delay of tumor growth was evident and survival of RJ treated rats was significantly longer than of controls (p<0.05). On the other hand, when RJ was given intratumorally (dose of 0.1 ml once a day), for 4 consecutive days promotive effects on tumor growth was noticed. Any comments on this in comparison with antitumor  effect accomplished with one injection of RJ would be speculative.

Our investigations demonstrated that antitumor and antimetastatic effects of bee venom could be highly dependent on route of injection and on close contact between bee venom and the tumor cells (Tables V, Figure 1). Bee venom significantly inhibited metastases formation (p<0.001) only when administered by the same route as tumor cells (iv) at the time of tumor cell inoculation (Table  V). Requirements for close contact between MCa and bee venom for in vivo effect was also shown in in vitro studies. When tested compounds were applied to HeLa, V79, and MCa tumor cells in vitro all but WSDP exibited a cytotoxic effect (data non shown).

The ability of CA, CAPE, QU and BV alone to induce apoptosis suggests their potential use as anticancer therapeutic agents since these compounds  simmilarly as anticancer drugs known to achieve their antitumor function through the  induction of  apoptosis in the target cells have been investigated for that purposes.(Galati et al., 2000; Femia et al., 2001). Considering the possible mode of antitumor action of the honey bee products, it is likely that it could be mediated by immunomodulatory activity (Šver et al.,1996; Oršolić et al., 2003a,b) their citotoxic activity to tumor cells (Bašić et al.,1998), their capacity to induce apoptosis and necrosis and changes in the cellular level of glutathione, and the incidence of DNA damage, respectively

In conclusion, these results indicate that honey bee products could be a potential useful tool in the control of tumor growth in experimental tumor models. Thus, the consumption of honey bee products may be advantageous with respect to cancer prevention. Further animal and clinical research utilizing these promising substances is suggested.

References

Bašić I., Oršolić N., Tadić Z., Macedo Fereire Alcici N., Brbot Šaranović A., Bendelja K., Krsnik B., Rabatić S. (1998) Antimetastatic effect of propolis, caffeic acid phenethyl ester and caffeic acid on mammary carcinoma of CBA mouse. 17th International Cancer Congress, Rio de Jeneiro, Brazil, 1, 63-75.

Bašić I., Varga E. (1979) Immunogenicity of mammary carcinoma and a fibrosarcoma of CBA mice. Period. Biol. 81, 335-337.

Cox D.R. (1972) Regression models and life-tables. J. Roy. Statist. Soc. Ser. B 34, 186-220.

Eljuga Lj., Šamija M., Eljuga D., Košuta D., Bašić I. (1993) Effect of rIL‑2 and LAK cells on metastatic formation of an anaplastic carcinoma of the rat. Libri Oncology 22, 177‑181. 

Femia A.P., Caderni G., Buzzigoli C., Cocca E., Salvadori M., Dolara P. (2001) Effect of simple phenolic compounds on azoxymethane-induced aberrant crypt foci in rat colon. Nutr. Cancer 41, 107-110.

Galati G., Teng S., Moridani M.Y., Chan T.S., and O'Brien P.J. (2000) Cancer chemoprevention and apoptosis mechanisms induced by dietary polyphenolics. Drug Metabol. Drug Interact. 17, 311-349. 

Gribel N.V., Pashinskii V.G. (1990) Antitumor properties of honey. Vopr. Onkol.36, 704-709.

Grunberger D., Banerjee R., Eisinger K., Oltz E.H., Efros L., Caldwell M., Estervez V., Nakanishi K., (1988) Preferential cytotoxicity on tumor cells of caffeic acid phenethyl ester isolated from propolis. Experientia 44, 230-232.

Hait W.N., Grais L., Benz C., Cadman E.C. (1985) Inhibition of growth of leukemic cells by inhibitors of calmodulin: phenothiazines and melittin. Cancer Chemother. Pharmacol .14, 202-205.

Hamzaoglu I., Saribeyoglu K., Durak H., Karahasanoglu T., Bayrak I., Altug T., Sirin F., Sariyar M. (2000) Protective covering of surgical wounds with honey impedes tumor implantation. Archives of Surgery 135, 1414-1417. 

Heo M.Y., Sohn S.J., and Au W.W. (2001) Anti-genotoxicity of galangin as a cancer chemopreventive agent candidate. Mutat. Res. 488, 35-50.

Hayashi A., Gillen A.C., Lott J.R (2000) Effects of daily oral administration of quercetin chalcone and modified citrus pectin on implanted colon-25 tumor growth in Balb-c mice. Altern. Med. Rev. 5, 546-552. 

Ito H., Hidaka H. (1983) Antitumor effect of a calmodulin antagonist on the growth of solid sarcoma-180. Cancer Lett. 19, 215-220.

Kaplan E.L., Meier P. (1958) Nonparametric estimation from incomplete observations. Am. Stat. Assoc. J., 53, 457-81.

Kimoto T., Arai S., Kohguchi M., Aga M., Nomura Y., Micallef M.J., Kurimoto M., Mito K. (1998) Apoptosis and suppression of tumor growth by artepillin C extracted from Brazilian propolis. Cancer Detect. Prev. 22, 506-15.

Kobayashi N., Unten S., Kakuta H., Komatsu N., Fujimaki M., Satoh K., Aratsu C., Nakashima H., Kikuchi H.,Ochiai K., Sakgami H. (2001) Diverse biological activities of healthy foods. In Vivo 15, 17-23.

Liu X., Chen D.W., Xie L.P., Rongqing Z. (2002) Effect of honey bee venom on proliferation of K1735M2 mouse melanoma cells in-vitro and growth of murine B 16 melanomas in-vivo.J. Pharm. Pharmacol., 54, 1083-1089. 

Mabrouk G.M., Moselhy S.S., Zohny S.F., Ali E.M., Helal T.E., Amin A.A., Khalifa A.A. (2002) Inhibition of methylnitrosourea (MNU) induced oxidative stress and carcinogenesis by orally bee honey and Nigella grains in Sprague Dawely rats. J. Exp. Clin. Cancer Res. 21, 341-346. 

Nikolov N., Marekov N., Bankova V., Popov S., Ignatova R., Vladimirova I. (1987) Method for the preparation of water–soluble derivative of propolis. Bul. J. Pat. Appl. 79903/28, 05.

Oršolić N., Bašić I. (2003a) Immunomodulation by water-soluble derivative of propolis (WSDP) a factor of antitumor reactivity. J. Ethnopharmacol. 84, 265-273.

Oršolić N., Šver L., Bendelja K., Bašić I. (2001) Antitumor activity of bee venom.Period. Biol. 103, 49-54.

Oršolić N., Šver L., Verstovšek S., Terzić S., Bašic I.(2003b) Inhibition of mammary carcinoma cell proliferation in vitro and tumor growth in vivo by bee venom. Toxicon (in press).

Piantelli M., Maggiano N., Ricci R., Larocca L.M., Cappelli A., Scambia G., Isola G., Natali P. (1995) Type-II estrogen-binding sites in human melanoma and growth-inhibitory effect of tamoxifen and quercetin. J. Invest. Dermatol. 105, 248-253. 

Plowman J., Dykes D.J., Hollingshead M., Simpson-Herren L.,Alley M.C. (1995) Human tumor xenograft models in NCI drug development. In: Teicher B (ed) Anticancer drug development guide: preclinical screening, clinical trials, and approval. Humana, Totowa, NJ,  pp 101.

Scheller S., Krol W., Swiacik J., Owczarek S., Gabrys J., Shani J.(1989) Antitumoral property of ethanolic extract of propolis in mice-bearing Ehrlich carcinoma, as compared to bleomycin. Z. Naturforsch 44c, 1063-1065.

Shaposhnikova V.V., Egorova M.V., Kudryavtsev A.A., Levitman M.Kh., Korystov Yu.N. (1997) The effect of melittin on proliferation and death of thymocytes. FEBS Letters. 410, 285-8. 

Shaposhnikova V.V., Kublik L.N., Narimanov A.A., Levitman M.Kh., Orlova OE., Kudriavtsev A.A., Leshchenko V.V., Korystov Iu.N. (2001) Growth inhibition and induction of tumor cell death by phospholipase A2 and lipoxygenase inhibitors. Izvestiia Akademii Nauk. Seriia Biologicheskaia. 2, 249-52. 

Su Z.Z., Lin J., Prewett M., Goldstein N.I., and Fisher P.B. (1995) Apoptosis mediates the selective toxucity of caffeic acid phenethyl ester (CAPE) toward oncogene-transformed rat embryo fibroblast cells. Anticancer Res. 15, 1841-1848.

Sudlina G.F., Mirzoeva O.K., Pushkareva M.A., Korshunova G.A., Sumbatyan N.V., Varfolomeev S.D. (1993) Caffeic acid phenethyl esteras a lipoxygenase inhibitor with anioxidant properties. FEBS Lett. 329, 21-24.

Swelam T., Miyanaga N., Onozawa M., Hattori K., Kawai K., Shimazui T., Akaza H. (2003) Antineoplastic activity of honey in an experimental bladder cancer implantation model: In vivo and in vitro studies. Int. J. Urology 10, 213-219. 

Tamura T., Fujii, A., Kuboyama N. (1985) Effects of royal jelly on experimental transplantable tumors. XXXth Int. Congr. Apicult. Nagoya. Apimondia Publishing House. Bucharest. pp. 474-477.

Šver L., Oršolić N., Tadić Z., Njari B., Valpotić I., Bašić I. (1996) A royal jelly as a new potential immunomodulator in rats and mice. Comp. Immun. Microbiol. Infect. Dis. 19, 31-38.

Telford W.G., King L.E., Fraker, P.J. (1994) Rapid quantitation of apoptosis in pure and heterogeneous cell populations using flow cytometry. J. Immunol. Methods 172, 1-16.

Tonks A., Cooper R.A., Price A.J, Molan P.C., Jones K.P. (2001) Stimulation of TNF-( relase in monocytes by honey. Cytokine 14, 240-242. 

Yoshikawa T., Kokura S., Tainaka K., Naito Y., Kondo M. (1999) A nowel cancer therapy based on oxygen radicals. Cancer Res. 55, 1617-1620.

Zaharko D.S., Grieshaber C.K., Plowman J., Cradock J.C. (1986) Therapertic and pharmacokinetic relationship of flavone acetic acid: an agent with activity against solid tumors. Cancer Treat. Rev. 70, 1415-1421. 

































































































































































































































































































































































































































































































































































































































































































































































































































































































13

