
Australian Journal of Bas ic and Applied Sciences , 3(3): 2754-2769, 2009

ISSN 1991-8178

 

Corresponding Author: Abdel Aziz, A., Zoology Department,Faculty of Science,Cairo University.

E-mail:aabdelaziz.baiomy@gmail.com

2754

Effect of Some Honey Bee Extracts on the Proliferation, Proteolytic and Gelatinolytic

Activities of the Hepatocellular Carcinoma Hepg2 Cell Line

Abdel Aziz, A., Rady, H.M., Amer, M.A. and Kiwan, H.S.1 2 1 2

Department of Zoology,faculty of Science ,Cairo University1

Natural Products Department,National Research Centre.2

Abstract: The cytotoxic, antimeta s t a t ic , a n d antiangiogenic effects  of some honey bee extracts  were

evaluated in order to determine the e ffective antitumor fractions  of bee honey. Four different samples

of honey with different qualities  were tes ted in order to exa min e the effect of honey quality on its

antitumor effect. The cytotoxic effect of crude honeys , res idues  (100 μg  /  ml a s s ay) and the extracts

of one gram of each honey was  assessed by the 3-[4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-

tetrazolium bromide (MTT) cytotoxicity assay; the antimetas tatic and  antiangiogenic effects  were

determined by measurin g  t h e ir effects  on the proteolytic and gelatinolytic activities  of HepG2 cells

us ing the total extracellular protease and gelatin zymography assays , respectively. Some extracts  (ethyl

acetate, chloroform / methanol extracts  of all honeys , e t h e r e xtract of H1, H2 and H4 and chloroform

extract of H1) exerted an inhibitory e ffe c t  o n cell proliferation, protease and gelatinase activities  with

different degrees  depending on the honey quality. Petroleum ether extract and the res idue  o f H1, H2

and H4 enha n c e d  c e ll proliferation but inhibited protease and gelatinase activities  with different

degrees  depending on the honey qu a lit y . H3, which had the lowest quality, and its  extracts  showed

disappointing effects  agains t HepG2 cells .
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INTRODUCTION

He p atocellular carcinoma (HCC) is  the fifth mos t common malignancy, and is  respons ible for more than

one million deaths  annually worldwide (Yang  et al., 2003). HCC is  the mos t frequent ep it h e lia l ma lignancy

of the liver, although great improvements  have been made in the diagnos is  and therapy of HCC, surviva l is

s till poor even for those patients  with better clinical and pathological features  (Giannelli et al., 2002).

Angiogenes is  angiogenes is  can be clarified by the fact that, one cubic  c e n timeter of tumor contains

approximately 10 cancer cells , which, in turn, are supported by 10 -10  vascular endothelial cells . Exp erimental9 7 8

s tudies  have shown that this  co-population sheds  be t we e n  1x10  –  2 x10  cancer cells  per 24 hours  into the6 6

circulation. W hile mos t circulating cancer cells  are e limin a ted by hos t defense sys tems , a few survive after

lodging in dis tant organs , remaining dormant until angiogenes is  t a ke s  place (Singh, 2004). Inves tigators  have

long recognized the dynamic nature between cell growth and cellular interaction with the extracellular

matrix(ECM) (Gilbert, 2003). The role of ECM in the tumor microenvironment is  not limited to being a barrier

agains t  t u mo r in v as ion; ECM is  an integral part of the tumor microenvironment that represents  a reservoir of

cell binding proteins  and growth factors  that affect tumor cell behavior (Brown and Giavazzi, 1995; DeClerck

et al., 2004).  Both tumor angiogenes is  a n d metas tas is  require extracellular matrix (ECM) degradation (Shian

et al., 2003); the degradation of ECM is  achieved through extracellular proteolys is  by several proteases  that

facilitate metas tas is  and angiogenes is , a n d  enhance cell proliferation, invas ion and migration (DeClerck et al.,

2004; Garcia-Touchard et al., 2005). Many attempts  have been done to fight cancer; t ra d it io n a l t reatments  of

cancer are limited by their general toxicity to proliferating cells , includin g  some normal cells  (chari, 2008).

New targets  for cancer therapy focus  on interfering with specific targeted molecules  needed for carcinogenes is

and tumor growth in order to overcome the problems  o f t ra d it ional therapies  (Goldman, 2003; Silves tri and

Rivera, 2005). One of these s t ra t e gies  is  the prevention of cancer metas tas is  and angiogenes is  us ing protease

inhibitors  which were found to be ve ry  e ffe c t iv e in their ability to suppress  carcinogenes is  in many different

in vivo  and in vitro  assay sys tems (Kennedy, 1994; W all et al., 2003). Natural products  have served to provide

a bas is  fo r ma n y  o f the pharmaceutical agents  in current use in cancer therapy, and there is  a need for a
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continued search for novel natural products  that ma y  b e  u sed as  cancer chemopreventive and/or

chemotherapeutic agents  (Izevbigie, 2003; Pietras  and Weinberg, 2005). Honey is  a known natural product with

several biological activities  (Molan and Allen, 1996; Sesta et al., 2006), many papers  and articles  have been

published in scientific and medical journals  describing various  biological ac t iv ities  of honey such as

antibacterial, antifungal, and antiprotozoal effects . Honey also was  used in wound h e a ling and treatment of

u lc e rs  a n d  inflammations  (Obeseiki-Ebor et al., 1983; Emarah, 1985; Haffejee and Moosa, 1985; McInerney,

1990; Molan, 1992;  Ba s s o n  et al., 1994; Ali, 1995; Molan, 1995; Brady et al., 1997; Cooper et al., 1999;

Nzeako and Hamdi, 2000; Dunford and Hanano, 2004).

MATERIALS AND METHODS

Four different samples  of honey were selected, on the bas is  of their results  of a d u lteration tes ts  (dias tase

a c t iv ity, 5-hydroxymethyl furfural level and commercial glucose content). The honey samples  were brought,

1 2each as  o n e  lot, from different sources . Sider Kashmiry (H ) and Magarian (H ) honeys  were brought from the

4kingdom of Saudi Arabia. El- Madina El-M o n a wa ra  (H ) honey was  brought from the Egyptian market, Clover

3(H ) honey was  brought from a source that was  rando m a n d  d o u b t ful in the Egyptian market to be tes ted as

a control adulterated honey.

Honey samples  were success ively fractionated with petroleum ether, ether, ethyl acetate , c h lo ro form and

chloroform/methanol (6:4), respectively. Honeys  and their extracts  (as  well a s  t h e  res idues) were examined for

their cytotoxicity us ing the MTT assay, and for their antimetas tatic and antiangiogenic  e ffects  us ing the total

protease activit y  a n d  t h e  g e latin zymography assays . Crude honeys  and the res idues  were applied at a final

concentration of 100 μg/ml assay, while the extracts  of one gram of each crude honey were applied per one

milliliter assay.

MTT Cytotoxicity Assay.

The cytotoxic effect of crude honeys  and their extracts  was  assessed by 3-[4,5-dime thyl-2-thiazolyl)-2,5-

diphenyl-2H-tetra zo liu m b ro mide (MTT) assay according to Mosmann (1983). Cells  were dispensed in a 96

well s terile microplate (3x10  cells /well), and incubated at 37 C with the various  treatments  fo r 24 h o u rs  in3 o

a serum free medium prior to the MTT assay . After incubation, media were carefully removed, cells  were

washed with s terile PBS, and 100 ìL of MTT (0.5 mg/mL) were add e d  t o  e ach well and then incubated for

an additional 3 hours . Formazan  c ry s t a ls  we re  solubilized by the addition of 200 ìL of acidified isopropanol.

The absorbance was  measured at 590 nm us ing a microplate ELISA reader (Biorad, U.S.A).

Total Protease Activity Assay:

Protease assay is  performed accord in g to (Khan et al., 2000) us ing azocasein protease assay. 200 μl of

1mg/ml azocasein was  incubated with 100 μl of conditioned media of HepG2 cells  (containing 10 μg protein)

for 60 min. Reactions  were s topped by addin g  300 μl of 10% trichloroacetic acid (TCA); mixtures  were left

for 15 min and then centrifuged. 150 μl of supernatant was  added to 150 μl of 1 M  Na OH. A b s o rb a n c e was

determined at 440 nm and then converted to units  of p ro t e a se activity by the equation (absorbance/extinction 

coefficient) × 10  = micromoles  of dye, and micromoles  of dye are converted to units  of enzyme by the3

equation 1 U of enzyme activity = 1 μmol of subs trate converted per min. In negative controls , con d itioned 

medium was  added immediately prior to the addition of TCA.

A zo c a s ein s tandard curve was  ploted in order to determine the extinction coefficient according t o

(Melamane, 2003).

Gelatin Zymography:

Gelatin zymography was  carried out according to the  me t hod described by Rao et al. (2004). Gelatin

zymography was  performed on 10%  p o ly a c ry lamide gel copolymerized with 2 mg/ml gelatin (Merck). Samples

containing 5μg protein were loaded into the lanes  of the gel and run with 1X Tris -glycin electrophores is  buffer

at 10 mA u n d e r n o n re ducing conditions . Negative control was  a fresh RPMI-1640 medium that was  not

conditioned with cells . After electrophores is , gels  were washed twice, 30 minutes  each, in order to remove SDS

allowing proteins  to renature. Then, gels  were immersed in  t h e  re a c tion buffer overnight at 37 C. The gels"

were s tained with Coommass ie Blue, and then des tained in  d e s t a in  I fo r five minutes  then in des tain II until

the clear ba n d s  a p peared. Clear zones  of gelatin lys is  agains t a blue background s tain indicated enzyme

a c tivities . To characterize the extracellular gelatinase activity produced by HepG2 cells  according to it s

sens itivity to EDTA, an inhibitor of metalloproteinases , each s a mp le  wa s  mixe d with 1 mM, 5 mM and 10

mM of EDTA (equal v o lu me s ) a nd incubated for 15 minutes  (Liu et al., 1998). After electrophres is , gels  were
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washed with Triton-buffer, th e n  in c u b a t ed in reaction buffer containing 10mM EDTA (Huang et al., 1999).

Then, gels  were s tained and des tained as  mentioned previous ly. A sample that was  not treated with EDTA was

prepared as  a control.

Data were analyzed us ing SPSS program vers ion 11.0 to evaluate the above determinatio n s . Da t a  were

analyzed for s tatis tical s ignificance us ing One-way ANOVA tes t. Results  were expressed as  the mean ± SD,

P values  less  than 0.05 were cons idered s ignificant and that less  than 0.01 were cons idere d  h ighly s ignificant.

Each tes t was  repeated three times  in triplates  separately.

RESULTS AND DISCUSSION

MTT Cytotoxicity Assay:

The cytotoxic effect of the different crude honeys  and their extracts  is  illus trated  in  t h e  photos  shown in

fig. 1.

Crude honey, petroleum ether a n d  t h e  re s idue fractions  of H1 enhanced the proliferation of HepG2 cells

with high s ignifican t  v a lues  where the OD were 2.16 ± 0.34, 1.8 ± 0.14 and 2.18 ± 0.18, respectively agains t

a control of 0.81± 0.044 (P< 0.01). Ethyl acetate and c h lo ro fo rm/methanol extracts  had high s ignificant

cytotoxic effect on HepG2 cells  (OD, 0.34 ± 0.04 and 0.43 ± 0.01, re s pectively agains t a control of 0.81±

0.044, P< 0.01). Chloroform extract showed s ignificant cytotoxic effect on HepG2 cells  (OD, 0.59 ± 0.07

agains t a control of 0.81± 0.044, P< 0.05). Ether extract had nons ignificant cytot o xic  e ffe c t  o n HepG2 cells

2(OD, 0.64 ± 0.016 agains t a control of 0.81± 0.044, P > 0.05) (fig. 2). In case of H , crude h o n e y , p e troleum

ether, chlorofo rm extracts  and the res idue enhanced the proliferation of HepG2 cells  with high s ignificant

values  (OD, 1.77 ± 0.19, 1.80 ±  0.29, 1.12 ± 0.02 and 2.17 ± 0.08, respectively agains t a control of 0.81±

0.044, P< 0.01). Ethe r, e t h y l a c etate and chloroform/methanol extracts  had high s ignificant cytotoxic effect on

HepG2 cells  (OD, 0.18 ± 0.027, 0.51± 0.054 and 0.51 ± 0.03, respectively agains t a cotntrol of 0.81± 0.044,

3P< 0.01), (fig. 3). Crude clover honey (H ) and  it s  p etroleum ether, chloroform and res idue extracts  accelerated

the proliferation of HepG2 cells  with high s ignificant values  (OD, 2.3 ± 0.17, 2.01 ± 0.041, 1.45 ± 0.1 and

2.02 ± 0.09, respectively, agains t a control of 0.81± 0.044, P < 0.01). Ether fract io n  h a d no effect (OD, 0.823

± 0.03 agains t a control of 0.81± 0.044, P> 0.05). Ethyl acetate extract showed nons ignificant cytotoxic effect

on HepG2 cells  (OD, 0.62 ± 0.025 agains t a control o f 0.81±  0.044, P > 0.05). Chloroform/methanol (6:4)

extract exhibited s ignificant cytotoxic  o n  He p G2 c e lls  (OD, 0.60 ± 0.003 agains t a control of 0.81± 0.044, P

4< 0.05), Data are shwon in fig. 4. Fig. 5 shows the effect of El-Madina El-Monawara hone y  (H ) and its

extracts  on the viability of HepG2 cells . Crude honey and its  petroleum ether, c h lo ro fo rm e xt racts  and the

res idue accelerated the proliferation of HepG2 cells  with high s ig n ificant values  where the OD were 1.9 ± 0.28,

1.84 ± 0.043, 1.30 ± 0.11 and 2.43 ± 0.14, respectively agains t a control of 0.81± 0.044 (P< 0.01). Ether

extrac t  re d u c e d  t h e viability of HepG2 cells  with nonsignificant value where the OD was  0.68 ± 0.062 agains t

a control of 0.81± 0.044 (P > 0.05). Ethyl a c e t ate and chloroform/methanol extracts  exhibited s ignificant

cytotoxic effect on HepG2 cells  where the OD were 0.58 ± 0.018 and 0.54 ± 0.06, re s p e c t iv ely agains t a

control of 0.81± 0.044 (P< 0.05). 

Total Protease Activity Assay:

1H  crude honey and all it s  extracts  decreased the total protease activity. Crude honey, petroleum ether,

e t h y l a cetate, chloroform, chloroform/methanol extracts  and the res idue had high s ignificant values  where th e

units  of protease were 0.90 ± 0.01, 0.73 ± 0.04, 0.55 ± 0.12, 0.81 ±  0.04, 0.38 ± 0.08 and 0.93 ± 0.04,

respectively agains t a  c o n t ro l o f 1.18 ± 0.038, P< 0.01.  Ether extract exhibited s ignificant effect where the

units  of enzyme were 0.97 ± 0.05 agains t a control of 1.18 ± 0.038, P< 0.05 (fig . 6). Crude honey and all

2extracts  of H  decreased the total protease activity with high s ignificant values . The units  of enzyme were 0.96

± 0.12, 0.88 ± 0.04, 0.45 ± 0.08, 0.58 ±  0.12, 0.76 ± 0.08, 0.63 ± 0.09, 0.99 ± 0.014 for crude honey,

petroleum ether, et h e r, e t h y l acetate, chloroform, chloroform/methanol extracts  and the res idue fraction,

3  respectively agains t a control of 1.18 ± 0.038 (P< 0.01) (fig. 7). Crude honey and res idue o f H e xh ib it e d high

s ig n ificant s timulatory effect on protease activity of HepG2 cells  where the units  of protease were 1.87 ± 0.08

a n d  1.39 ±  0.05, respectively agains t a control of 1.18 ± 0.038, P < 0.01. Petroleum ether, ether, ethyl ac e t a t e ,

3 chloroform, chloroform/methanol of H had non s ig nificant s timulatory effect on protease activity (1.3 ± 0.09,

1.3 ± 0.11, 1.28 ± 0.17, 1.26 ± 0.12 and 1.2 ± 0.07, respectively agains t a control of 1.18 ± 0.038, P> 0.05)

4 (fig. 8). H crude honey and all it s  extracts  decreased the total protease activity. Ethyl acetate, chloroform and

4Chloroform/me t h a n o l e xt ra cts  of H  had high s ignificant inhibitory effect on HepG2 proteases  (0.83 ± 0.06,

0.78 ± 0.09 and 0.61 ± 0.08, re s p ectively agains t a control of 1.18 ± 0.038, P < 0.01), while crude honey,
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petroleum eth e r a n d  e t h e r extracts  exhibited s ignificant inhibitory effect on HepG2 proteases  (1.02 ± 0.1, 1.00

± 0.11, 1.00 ± 0.12, respectiv e ly  a g a in s t  a  control of 1.18 ± 0.038, P < 0.05). The res idue fraction exhibited

non s ignificant inhibitory effect on HepG2 proteases  wh e re the units  of protease were 1.1 ± 0..09 agains t a

control of 1.18 ± 0.038  (P > 0.05) (fig. 9).

Control

Fig. 1: Effect of the four tes ted honeys  and their extracts  on the h e p a t ocellular carcinoma (HepG2) cells

population in vitro. H1: Sider kashmiry honey, H2: Magarian honey, H3:  Clover honey, H4:

El-Madina El-Monawara honey. H: crude honey, PE: petroleum ether extract, E: e t h e r e xt ract, C:

chloroform extract, CM: chloroform/methanol extract, and R: res idue.
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Fig. 2: Effect of Sider Kashmiry honey (H1) and its  extracts  on  t h e  v iability of hepatocellular carcinoma

(HepG2) ce ll line. H: crude honey, PE: Petroleum ether extract, E: Ether extract, EA: Ethyl acetate

extract, C: Chloroform extract, CM:  Chloroform/Methanol extract & R: Res idue.

a: High s ignificant (P< 0.01). b: Significant (P< 0.05).

c: Nons ignificant (P> 0.05).

Fig. 3: Effect of Magarian honey (H2) and its  extracts  on the viability of hepatocellu lar carcinoma (HepG2)

c e ll lin e. H: crude honey, PE: Petroleum ether extract, E: Ether extract, EA: Ethyl acetate extract, C:

Chloroform extract, CM: Chloroform/Methanol extract & R: Res idue.

a: High s ignificant (P< 0.01).
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Fig. 4: Effect of clover honey (H3) and its  extracts  o n  t h e  v ia b ility of hepatocellular carcinoma (HepG2) cell

line. H: crude honey, PE: Petro leum ether extract, E: Ether extract, EA: Ethyl acetate extract, C:

Chloroform extract, CM: Chloroform/Methanol extract & R: Res idue.

a: High s ignificant (P< 0.01). b: Significant (P< 0.05).

c: Nons ignificant (P>0.05).

Fig. 5: Effect of El-Madina El-Monawa ra  h o ney (H4) and its  extracts  on the viability of hepatocellular

carcinoma (HepG2) cell line. H: crude honey, PE: Petroleum ether extract, E: Ether extract, EA: Ethyl

acetate extract, C: Chloroform extract, CM: Chloroform/Methanol extract & R: Res idue.

a: High s ignificant (P< 0.01). b: Significant (P< 0.05).

c: Nons ignificant (P>0.05).
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Fig. 6: Effect of Sider Kashmiry honey (H1) and it s  extracts  on the total extracellular proteolytic activity of

hepatocellular carcinoma (HepG2) cell lin e . H: crude honey, PE: Petroleum ether extract, E: Ether

extract, EA: Ethyl acetate extract, C: Chlorofo rm e xt ra c t , CM:  Chloroform / Methanol extract & R:

Residue.

a: High s ignificant (P< 0.01).

b: Significant (P< 0.05).

Fig. 7: Effe c t  o f M a g arian honey (H2) and its  extracts  on the extracellular proteolytic activity o f

h e p a t ocellular carcinoma (HepG2) cell line. H: crude honey, PE: Petroleum ether extract, E: Et h e r

extract, EA: Ethyl ac e t a t e  e xtract, C: Chloroform extract, CM:  Chloroform/Methanol extract & R:

Residue.

a: High s ignificant (P< 0.01).
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Fig. 8: Effect of Clover honey (H3) and its  e xt ra c t s  o n  the extracellular proteolytic activity of hepatocellular

carcinoma (He p G2) cell line. H: crude honey, PE: Petroleum ether extract, E: Ether extract, EA: Ethyl

acetate extract, C: Chloroform extract, CM:  Chloroform/Methanol extract & R: Res idue.

a: High s ignificant (P< 0.01). b: Significant (P< 0.05).

c: Nons ignificant (P> 0.05).

Fig. 9: Effect of El-Madina Elmonawara honey (H4) and its  extracts  on the extracellular pro t e o ly tic activity

of hepatocellular carcinoma (HepG2) cell line. H: c ru de honey, PE: Petroleum ether extract, E: Ether

extrac t ,  EA : Ethyl acetate extract, C: Chloroform extract, CM:  Chloroform/Methanol extract & R:

Residue.

a: High s ignificant (P< 0.01). b: Significant (P< 0.05).

c: Nons ignificant (P> 0.05).
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Gelatin Zymography:

The zymogram of HepG2 cells  showed a s ingle gelatinoly t ic  b a n d  a t  a pos ition corresponding to MW  <

14 KD. This  band was  not inhibited by different concentrations  of the metalloproteinase inhibitor, EDTA, (1

mM, 5 mM & 10 mM) as  shown in figure 10.

1Crude H  and all its  extracts  had inhibitory effect on the gelatinolytic activity of HepG2 cells  where the

percentages  of c o n t ro l we re 75%, 74%, 77%, 71%, 73%, 71% and 82% for the crude honey (H), petroleum

ether (PE), ether (E), ethyl acetate (EA), chloroform (C), chloroform/methanol (6:4) (CM), and res idue  e xt ra c t s ,

2respectiv e ly  (fig. 11). Crude honey and all extracts  of H , PE, E, EA, C, CM and R, decreased the gelatinolytic

activity of HepG2 cells  (93%, 88%, 72%, 78%, 79%, 77% and 94%, respectively) (fig. 12).The gelatinolytic

3percentages  of HepG2 cells  treated with H  honey and its  extracts  were 117%, 114%, 113%, 116%, 115%,

114%  a n d  116%, for crude honey, PE, E, EA, C, CM and R, respectively (fig. 13).The gelatinolytic

4p e rc e n t a g es  of HepG2 cells  treated with H  honey and its  extracts  were 97%, 94%, 86%, 82% and 87, 86%

and 95 for  crude honey, PE, E, EA, C, CM and res idue extracts , respectively (fig. 14). Data are s u mmarized

in table 1.

Fig. 10: Effect of different concentrations  of EDTA on th e  e xt racellular gelatinolytic activity displayed by the

hepatocellular carcinoma (HepG2) cells .1: sample treated with 10 mM  EDTA, 2: sample treated with

5 mM EDTA, 3: sample treated with1mM EDTA, 4:  control sample (not treated with EDTA).

Fig. 11: Effect of Sider Kashmiry honey and  it s  e xt ra c t s  o n the extracellular gelatinolytic activity of the

hepatocellular carcinoma (HepG2) cells . M: molecular weight marker, NC: negative control (fresh not

conditioned medium), C: control (conditioned medium of untreated cells), H: Crude  h o n e y , PE:

Petroleum ether extract, E: Ether extract ,  EA: Ethyl acetate extract, CH: Chloroform extract, CM:

Chloroform/Methanol extract & R: Res idue.
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Fig. 12: Effect of Magarian honey and its  extracts  on the extracellular gelatinolytic activ it y  o f t h e

hepatocellular carcinoma (HepG2) cells . M: molecular weight marker, NC: negative control (fresh not

conditioned medium), C: control (conditioned medium of untreated ce lls ), H: Crude honey, PE:

Petroleum ether extract, E: Ether extract, EA: Ethyl acet a t e extract, CH: Chloroform extract, CM:

Chloroform/Methanol extract & R: Res idue.

Fig. 13: Effect of clover honey and its  extracts  on the extracellular gelatinolytic act iv it y  o f t h e hepatocellular

carc in o ma  (He p G2) cells . M: molecular weight marker, NC: negative control (fresh not conditioned

medium), C: control (c o n d it io ned medium of untreated cells ), H: Crude honey, PE: Petroleum ether

e xt ra c t ,  E: Et h e r e xt ra c t ,  EA : Et h yl acetate extract, CH: Chloroform extra c t ,  CM :

Chloroform/Methanol extract & R: Res idue.

Fig. 14: Effect of El-M a d in a  Elmonawara honey and its  extracts  on the extracellular gelatinolytic activity of

the hepatocellular carcinoma (HepG2) cells . M: molecular weight marker, NC: negative co ntrol (fresh

not conditioned medium), C: control (c o n d it io ned medium of untreated cells), H: Crude honey, PE:

Petroleum ether extract, E: Ether extract ,  EA: Ethyl acetate extract, CH: Chloroform extract, CM:

Chloroform/ Methanol extract & R: Res idue.
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Table 1: Extracellular gelatinase activities of the hepatocellular carcinoma (HepG2) cells treated with Sider K as h m i ry  (H 1 ), Magarian (H2),

Clover (H3), and El-Madina El-Monawara (H4) honeys and their extracts in vitro.

Gelatinase activity% of control Mean ± SD))

-----------------------------------------------------------------------------------------------------------------------------------------------------

1 2 3 4T reatment H H H H

H 75% 93% 117% 97%

PE 74% 88% 114% 94%

E 77% 72% 113% 86%

EA 71% 78% 116% 82%

C 73% 79% 115% 87%

CM 71% 77% 114% 86%

R 82% 94% 116% 95%

H: Crude honey, PE: Petroleum ether extract, E: Ether extract, EA: Ethyl acetate extract,C: Chloroform extract, CM:  Chloroform/Methanol

extract & R: Residue.

Discussion:

The therapeutic activity of mos t anticancer drugs  in clinical use is  limited by their general toxicity to

proliferating cells , including some normal cells . Although, chemis ts  continue to develop novel cytotoxic agents

with unique mechanisms  of action, many of these co mpounds  s till lack tumor selectivity and have not been

therapeutically useful (Rao et al., 2005; Chari, 2008).

New targets  for cance r t h e rapy focus  on interfering with specific targeted molecules  needed for

carcinogenes is  and tumor growth in order to overcome the problems of traditional therap ie s  (Go ld ma n , 2003;

Silves tri and Rivera, 2005). One of these s trategies  is  the prevention of cancer metas tas is  an d  a ngiogenes is

u s ing protease inhibitors  which were found to be very effective in their ability to suppress  carcinog e n e s is  in

many different in vivo  and in vitro  assay sys tems (Kennedy, 1994; W all et al., 2003).

Natural products  are perceived as  pure, and without s id e effects  medication products  (Montbriand, 2004).

Many patients  with cancer or other chronic conditions  use alternative therapies , often herbal or natural products

(Eisenberg et al., 1993, 1998; Montbriand, 1994, 1995a, 1995b, 1997, 2000). Honey, which is  one of the mos t

complex mixt u re s  of carbohydrates  produced in nature (Swallow and Low, 1990), has  a long his tory as  a

medicinal subs tance (Molan, 1995). It is  a known natural product with several biolo g ic al activities  (Molan and

Allen, 1996; Ses t a  e t  a l., 2006). Some bioactive compounds have been found in honey such as  chrys in which

have been used to prevent cancer, in a  s imila r fashion as  anas trozole (a breas t cancer drug),  and treat

conditions  such as  anxiety an d  inflammation (Montbriand, 2004; Galijatovic et al., 2000; Galijatovic et al.,

2001). Honey is  also known as  a dietary source for flavonoids  (Sabatier et al., 1992) wh ic h  h a v e  b e e n

demons trated to have anti-carcinogenic and anti-inflammatory activities  (Middleton and Harbored, 1986).

Although crude honey was  reported by some authors  as  a proliferative agent that enhances  the proliferation

of b o t h  n o rmal and malignant cells  (Abuharfeil et al., 1999; Tonks  et al., 2001; Rady, 2005), it was  also

repo rt e d  a s  a  promising antitumor agent with pronounced antimetas tatic effect (Nada and Ivan, 2004; Orsolic

et al . ,  2005; Rady, 2005). The proliferative effect of honey on tumor cells  was  sugges ted to be a nutritional

effect rather than a carcinogenic effect (Rady, 2005), and the antitumor effect was  reported to result from many

activities  such as  the inhibition of DNA synthes is  with no s igns  of cytotoxic it y  (Rady, 2005), and down

regula t io n  of MMP-2 and MMp-9 which have been implicated in the induction of the angiogenic switch in

different model sys tems  (Egeblad and W erb, 2002; Rady, 2005). 

According to  t h e  re s u lts  of MTT cytotoxicity tes t, all the tes ted crude honeys  and their petroleum ether

extracts  and res idu e s  in c re ased the proliferation of HepG2 cells  s ignificantly. Chloroform/methanol (6:4)

extracts  of all honeys  exhibited antiproliferative effect on HepG2 cells  with no s ignifica n t  d ifferences  between

their inh ib it io n  values . The proliferative effect of the four crude honeys  as  well as  their res idual parts  was

concomitant with some authors  who reported that honey enhances  cell proliferation (Abuharfeil et al., 1999;

Tonks  et al., 2001; Rady, 2005). This  may be exp la ined by the fact that honey with its  sugar content provides

subs trates  for glycolys is  which is  the major mechanism for ene rg y  p ro duction for cell proliferation (Ryan and

Majno, 1977).  Therefore, the proliferative effect of the four tes ted crude honeys  as  well as  their res idual

fractions  which retained mos t of honey sugars  may be mainly due to their sugar content. 

Bes ide sugars , honey contains  amino acids , minerals  a n d  vitamins  which help in enhancing cell

proliferation ( A l-ja d y  e t  al., 2000). These amino acids , minerals  and vitamins  contents  of honey may explain

the proliferative effect of honey as  well as  the extracts  that retained it s  proliferative effect (res idues , petroleum

2 3 4ether extracts  of all honeys  and chloroform extracts  of H , H and H ).

The proliferative effect of petroleum ether extracts  of all tes ted honeys  on HepG2 cells , and the

3antiproliferative effect of ether extracts  of all honeys  (except that of H  honey wh ic h  h a d  n o effect on the

proliferation of HepG2 cells ) may be explained by the fact that these two solvent s , p e t roleum ether and ether,

extract HMF present in honey ( Xu et al., 2007). 
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The cytotoxic effect of the e t h y l a c e t a t e  extracts  can be explained by the fact that honey is  a dietary

source of phenolic compounds  that are refe rre d  t o  a s  flavonoids . These compounds  have been isolated from

several types  of honey (Russo and Neri, 2002), and they have been reported as  potent anticancer agents  (Moein

et al., 2007; Yang et al., 2008) that can be extracted from their s o u rces  mainly by ethyl acetate (Russo and

Neri, 2002). 

1The cyto t o xic  e ffe c t of chloroform extract of H  may be attributed to the fact that honey may contain

pyrrolizidin e  a lka lo id s  which cons idered as  toxic compounds  that were extracted by chloroform (Deinzer et

al., 1977). T h e  in c re a s e  in cell proliferation of HepG2 cells  treated with other chloroform extracts  indicates

1 that they lack the cytotoxic compoun d s  e xt ra c t ed from H with chloroform and, in addition, they may contain

proliferative compounds .

Chloroform/methanol solvent was  reported to extract lipids , including  u n s a t u rated fatty acids  (Gao et al.,

2001). It was  reported that unsaturated fatty acids  possess  a broad spectrum o f b io lo g ical properties  in both

animals  and plants  and some of these compounds  show biological activity, e.g., 9,10-dihydroxy-8-oxo-12Z-

octadecaenoic acid exhibits  cytotoxicity agains t HeLa cells  and an inhibitory effect on tea pollen growt h  (Gao

et al., 2001);  it was  also reported that the lipid fraction extracte d  fro m A g aricus  blazei  by

chloroform/methanol retarded tumor growth (Takaku et al., 2001). Thus  the cy t o t o xic effect of the

chloroform/methanol extract of all tes t e d  h o neys  may be attributed to the presence of cytotoxic lipid contents

of honeys  and, propably, to other cytotoxic component(s)..

In the present work, zymogram of HepG2 cells  s howed a s ingle gelatinolytic band at a pos ition

corresponding to MW  < 14 KD. The activit y  o f t h is  g e la t inolytic band was  not inhibited by EDTA (a

metalloproteinase inhibitor). Therefore, this  band was  cons idered to represent an enzyme that belongs  to a non-

matrix me talloproteinase class  of proteases . This  result is  cons is tent with the fact that HepG2 cell line does

not produce MMP-2 and MMP-9 gelatinases  in both conditioned media and me mb ra ne preparation. However,

HepG2 cells  showed  in vitro  migratory ability on Ln-1 and coll IV c o mp onents  of the extracellular matrix

(Giannelli et al., 2001), and their migration was  reported to proceed as  an MMP-indepe n d e nt chemotactic

migration (Yang et al., 2003). Moreover, many gelatinases  are becoming known such as  try p t a s e (Fajardo and

Pejler, 2003) and Seprase which has  gelatinase activity and may be involved in cancer invas ion and metas tas is

(Okada et al., 2003). 

Hepatocellular carcinoma ce lls  (HCC), including HepG2 cells , interact with several different extracellular

matrix components  to migrate a n d  invade the surrounding tis sues . Such interactions  are ensured by integrins ,

3 1a class  of heterodimeric transmembrane receptors  composed of one á and one â chain; á â  in t e grin is

3e xp re ssed by the MMP-dependent invas ive HCC cells  but not expressed by the noninvas ive HepG2 cells .  á

1â  is  imp licated in the production and/or activation of matrix metalloproteinases  MMP-9 and MMP-2 which

promote invas ion and migration of invas ive cells . 

1, 2  4In th e  p re s e n t  work, H H and H  honeys  and all of their extracts  exerted an inhibitory effect on both of

the total extracellular protease activity and extracellular gelatinase activity, but they exhibited different levels

1 2o f p o t e n c y . H , H  and all of their extracts  had highly s ignificant inhibitory effect on the total extracellular

4protease a c t iv it y. H  and its  extracts  (except the res idue which had nons ignificant effect) exhibited s ignificant

1 2effect on the total extracellula r p ro t e a s e  a c t iv ity, but its  effect was  less  potent than those of H  and H ; the

4 1 2effect of H and its  extracts  on the extracellular gelatinase activity was  lo we r t h a n  t h a t of H  and H . The

1, 2  4inhibition of total extracellular protease activity and  extracellular gelatinase activity by H H and H  honeys

was  approved by Rady (2005) wh o  re ported that bee honey down regulates  the production of the gelatinases

MMP-2 and MMP-9, and this  may indicate that bee honey contains  protease and gelatinase inhibitors  that play

a role in its  antimetas tatic and antiangiogenic activities  agains t cancer. 

3 On the contrary, H crude honey and its  res idue showed s ignificant s timulatory effect on the total

e xt racellular protease activity, while its  extracts  had nons ignificant s timulatory effect on the total extrace llu la r

3 protease a ctivity. In addition, the percentages  of the gelatinase activity of cells  treated with H and its  extracts

3exceeded that of the control, these results  were approved by the re s u lts  of adulteration tes ts  that reported H

as  an adulterated honey. 

1 2 4Although crude honey (100 μg/ml), petroleum ether and the res idue fraction s  o f H , H  and H , as  well

2 4as  chloro fo rm extract of H  and H  increased the proliferation of HepG2 cells , they decreased the protease and

gelatinase activities  of HepG2 cells , this  is  cons is tent with the fact that some non-cytotoxic compounds  can

be cons idered as  antitumor agents  (Thein  and Lotan, 1982), for example, fumagillin (Griffith et al., 1998) and

squalamine (Sills  et al., 1998).

1 2 4Ether, eth y l acetate and chloroform/methanol extracts  of the unadulterated honeys  (H , H  and H ) as  well

1as  chloroform extract of H  inhibited th e  t o t a l e xtracellular protease and extracellular gelatinase activities , and
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at the same time in h ib it e d  the proliferation of HepG2 cells . These results  can be explained by the fact that

proteolytic activity of ECM-d egrading proteases  generates  biologically active protein fragments  that can affect  

tumor cell proliferation, survival, spread a n d  plas ticity, and Inhibition of these enzymes  has  shown impress ive

therapeutic effects  on tumors  ( Lee et al., 2004; Keld  et al., 2005). 

In conclus ion, some bee honey extracts  (ether, ethyl acetate and chloroform/methanol) can  b e  cons idered

as  promis ing antitumor agents  where they inhibited the proliferation, protease activity a n d  g e la tinase activity

of HepG2 cells  in an independent manner. Further inves tigations  are needed to s tudy in details  the compos ition

and mechanism o f a c t io n  o f these extracts  on HepG2 cells  and other cell lines . It was  found that the extracts

1 2 4of H , H  and H  that enhanced cell proliferation (petroleum ether extracts  and the res idues) inhibited the

protease activity and gelatinase activity of HepG2 cells , thus  they can be cons idered to contain the proliferative

components  of honey, and these components  are nutritional factors  of honey; in addition, they may also contain

protease and gelatinase inhibitors  that need further separation and identification.
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