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Abstract

Anurgent need for additional agents to treat human immunodeficiency virus type 1 (HIV-1) infection led us to assess the anti-HIV-1 activity of
the natural product propolis in CD4ymphocytes and microglial cell cultures. Propolis inhibited viral expression in a concentration-dependent
manner (maximal suppression of 85 and 98% was observed gi.§6t6 propolis in CD4 and microglial cell cultures, respectively). Similar
anti-HIV-1 activity was observed with propolis samples from several geographic regions. The mechanism of propolis antiviral property
in CD4" lymphocytes appeared to involve, in part, inhibition of viral entry. While propolis had an additive antiviral effect on the reverse
transcriptase inhibitor zidovudine, it had no noticeable effect on the protease inhibitor indinavir. The results of this in vitro study support the
need for clinical trials of propolis or one or more of its components in the treatment of HIV-1 infection.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction such product, propolis, was evaluated for its effect on HIV-1
expression in vitro.

A variety of natural products or their derivatives have Propolis (also referred to as “bee glue”) is the generic
been considered as potential candidates for the treatmenname for a strongly adhesive resinous substance collected
of human immunodeficiency virus type 1 (HIV-1) infection by honey bees from trees and leaf buds. While propolis is
(Cowan, 1999; De Clercq, 20RGGiven the escalating inci-  produced by a variety of plants, most plant species are not
dence of HIV-1 resistance to standard antiretroviral drugs andknown because bee collection takes place high up in trees so,
the need for agents that are less toxic and expensive than thé is difficult to observe. Only one plant specidgiccharis
ones currently in use, the search for new treatments amongstiracunculifolia, is an established source of propol&aftos
these natural products is warranted. In the present study, oneet al., 2003, although several genera, i.Bopulus, Clusia

andAraucaria, are regarded as additional sources of propolis
(Bankovaetal., 2000Aptly named by the Greeks (according

Abbreviations: Ag, antigen; AIDS, acquired immunodeficiency syn- to some scholars by Aristotle), ‘pro’ (for or in defense) and
drome; HIV-1, human immunodeficiency virus type 1; MTT, 3-(4,5- 'Polis’ (the city), propolis is used to protect the entrance of the
dimethylthiazol-2-y1)-2,5-dipheny! tetrazolium bromide; CPRG, 5-bromo- hive against intrusion of animals and within the hive against

4-chloro-3-indolylg-p-galactoside N a wide spectrum of microorganismBgnskota et al., 2001;
* Corresponding author. Present address: Department of Medicine, Hen'BurdOCk 1998,
nepin County Medical Center, 701 Park Avenue, Minneapolis, MN 55415, ' . . - .
USA. Tel.: +1 612 873 2877: fax: +1 612 904 4299. Used for medicinal purposes since antiquity, propolis has

E-mail address: peter137@umn.edu (P.K. Peterson). been shown in more recent times to possess broad spec-

0378-8741/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2005.05.045



G. Gekker et al. / Journal of Ethnopharmacology 102 (2005) 158-163 159

trum antimicrobial activity, including activity against many variant obtained from the NIH AIDS Research and Refer-

of the opportunistic pathogens associated with the acquiredence Reagent Program (National Institute of Allergy and

immunodeficiency syndrome (AIDSBanskota et al., 2001; Infectious Diseases, Bethesda, MD), were used in this

Burdock, 1998 Studies of its antiviral properties have con- study.

centrated mainly on herpes simplex virusnforos et al.,

1994; Vynograd et al., 200@nd influenza viruserkedjieva 2.4. Cell cultures and cytotoxicity assays

etal., 1992. Using acellline (CEM cells}larish etal. (1997)

demonstrated that propolis potently inhibited HIV-1 expres-  Peripheral blood mononuclear cells were obtained from

sion. However, little or no data have been published regardingvenous blood of healthy donors and previously described

its antiretroviral activity in the primary cell targets of HIV-  methods Gekker et al., 2001were used to prepare and

1, i.e. CD4 lymphocytes and macrophages, which was the isolate activated CD4lymphocytes £98% of cells stained

subject of this study. positively with anti-CD4 antibodies). Microglial cells (the
resident macrophages of the brain) were isolated from human
fetal brain tissue, under a protocol approved by our Institu-

2. Materials and methods tional Review Board and homogenous cell culture94%
stained positively with anti-CD68 antibodies) were prepared
2.1. Propolis samples as previously describedPéterson et al., 1999

To assess the cytotoxic effect of propolis, cell viability

Crude propolis purchased from Cannon Honey Bee was quantified microscopically using a trypan blue exclu-
Company (Minneapolis, MN) was used for most experi- sion assay and also was assessed using an MTT assay
ments. To determine whether the antiviral activity of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
sample obtained from Cannon Honey Bee Company wasmide mitochondrial dehydrogenase as previously described
representative of the activity of propolis collected from other (Jiang et al., 2001
geographic locations, samples of crude propolis were also
obtained from colonies located in southeastern (provided by 4
BeeHive Botanicals, Hayward, WI) and northern (provided
by B&B Honey Farm, Houston, MN) Minnesota, three
states in Brazil (Rio Grande do Sul, Rio de Janeiro and
Minais Gerais; provided by Apis Flora in Ribao Preto,
SP) and China (provided by BeeHive Botanicals). All of
the above samples were collected by scraping the propolis
from wooden beehive equipment and were conglomerates
from an unknown number of bee colonies. To determine if 14
there was inter-colony variation among colonies located in B
specific geographic locations and to obtain clean propolis
samples (uncontaminated by beeswax and woodenware),
we also trapped propolis using commercial traps (J&D B L Microglia
Manufacturing, MI) from three colonies in each of three
locations in Minnesota: University of Minnesota, St. Paul
campus, Houston (southeastern MN) and Duluth (northern
MN).

(A) R
CD4™ Cells

p24 Ag (ng/ml)

p24 Ag (ng/ml)
_n

2.2. Ethanolic extracts of propolis

14

Ethanolic extracts of propolis were prepared as previously

described Kress, 1995 Briefly, propolis was ground and ﬁ =
20% ethanolic extracts of propolis were prepared (20g of R e
propolis completing the volume to 100 ml of 95% ethyl alco- Propolis (ug/mi)
hol), protected from light, with moderate shaking at room

control 0.8

in culture medium to carry out experiments. microglial cell cultures. Activated CO4lymphocytes were infected with
HIV-1 471 (A) and microglial cells were infected with HIVskt162(B) in the
2.3. HIV-1 isolates absence (control) or presence of propolis (Cannon Honey Bee Company

preparation) at indicated concentrations. Data are me®uD. of triplicate
o . . o values and are representative of three independent experiments usitig CD4
HIV-1ar, a clinical isolate with characteristics of a T-  |ymphocytes from different donors and microglia isolated from different
tropic (X4) strain, and HIV-gr163 @ monocytotropic (R5)  brain tissue specimens.
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Usingthe MTT assay, the selectivity index was determined 2.5. Assessment of anti-HIV-1 activity
as previously described\(res et al., 200} i.e. the ratio of

the 50% cytotoxic concentration (Gg) to the 50% effective To evaluate the effect of propolis on HIV-1 expression,
concentration (E6p). propolis was added at indicated concentrations to activated
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Fig. 2. Anti-HIV-1 activity of propolis from different geographic regions: (A) commercial sources in Minnesota: Cannon Bee Honey Companyt southeas
northern Minnesota; (B) three colonies in each of three specific locations in Minnesota: Houston (southeastern), University of Minnesotaar8puBaul ¢
and Duluth (northern); (C) three states in Brazil and China. Activated"@¥phocytes were infected with HIVat in the absence (control) or presence of
propolis preparations at the indicated concentrations. Data are4n®dh of triplicate samples and are representative of two independent experiments using
CD4* cells from different donors.
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CD4" lymphocyte cultures at the time of infection with HIV-
1ar or to microglial cell cultures at the time of infection
with HIV-1gp162 After 2h (CD4' cells) or 18 h (microglia)

161

concentrations 0k66.6p.g/ml, the viability of treated cells
by both assays did not differ from control cells. Thus, for all
experiments, propolis extract was used at concentrations of

of incubation, cells were washed and resuspended in culture66.6p.g/ml or less.

medium alone (control) or in medium containing propolis.
Cells were then incubated for 3 days (CDdells) or 7

days (microglia) and supernatants were collected for mea-

surement of p24 Ag levels. In one experiment, propolis was
added to cell cultures that were simultaneously treated with
zidovudine (AZT) or indinavir at drug concentrations that
approximated their E€g values and after washing, cells were
resuspended in culture medium alone (control) or medium
containing propolis plus AZT or indinavir. HIV-1 expres-
sion in CD4 lymphocytes and microglial cell cultures were

To determine the effect of propolis on HIV-1 expression,
cells were treated with various concentrations of propolis
obtained from Cannon Honey Bee Company. As is shown
in Fig. 1, propolis inhibited in a concentration-dependent
manner the expression of HIV-1 in CD4ymphocyte and
microglial cell cultures. In CD% cell cultures, 66.a.g/ml
propolis inhibited by >85% expression of the X4 HIV-1
variant Fig. 1A) and in microglial cell cultures, 66&6g/ml
propolis inhibited viral expression of the R5 HI\4d; g2is0-
late by 98% Fig. 1B). The selectivity index (C&/ECso) was

assessed by measuring p24 antigen (Ag) levels in cell culture6.7 for CD4" lymphocytes and 16.3 for microglial cells.

supernatants by ELISA, as previously describéeKker et
al., 2001; Peterson et al., 1999

2.6. Assessment of viral entry

To determine whether propolis affects HIV-1 entry into

To determine whether the antiviral potency of propolis var-
ied in samples from different regions of Minnesota, prepara-
tions from southeast and northern Minnesota were compared
to the Cannon Honey Bee Company in CDigmphocyte
cultures. As is shown ifrig. 2A, the anti-HIV-1 activity of
these propolis preparations were similar. Also, propolis col-

CD4" lymphocytes, we used a vaccinia virus-based assaylected from three separate colonies in three areas of the state

which quantifies cell fusion-dependent reporter gene activa-

tion in response to HIV-1 llIB-Env glycoprotein-mediated
membrane fusionNussbaum et al., 1994; Stantchev and
Broder, 2009 with minor modifications I(okensgard et al.,
2002. Vaccinia virus-infected activated CD4ymphocytes
were treated with propolis prior to mixing with vaccinia virus-
infected HeLa S3 cells and the amounefjalactosidase in
the cultures was quantified by using the CPRG substgate.

(Houston, St. Paul and Duluth, MN) were found to have com-
parable antiviral activityKig. 2B). When propolis samples
from three states in Brazil and one sample from China were
assessed, all demonstrated anti-HIV-1 activity, but the sample
from Rio de Janeiro appeared least effective (<50% inhibition
of viral expression at 66.&g/ml propolis) Fig. 2C).

Due to mounting resistance of HIV-1 to reverse tran-
scriptase inhibitor (RTI)s and protease inhibitor (PI)s, antivi-

Galactosidase concentrations in the lysates were determinedal research has been directed in recent years at finding

from a standard curve.
2.7. Statistical analysis
For comparison of means of multiple groups, analysis of

variance (ANOVA) was performed followed by Sheffés
test. For analysis of the effect of propolis on viral entry in

which propolis values from treated samples were expressed as

% inhibition relative to untreated (control) samples, a mixed

effects repeated measures model was used that accounts for

within-person correlations and intrinsic differences among
individuals. The Tukey method was applied to adjust for mul-
tiple comparisons and the mixed procedure in SAS Version
8.2 was used to perform this analysis.

3. Results and discussion

Prior to investigating its effect on HIV-1 expression, an
experiment was performed to determine whether propolis
(Cannon Honey Bee Company) was toxic to Chyimpho-
cytes or microglia. After 4 days of incubation in the absence
(control) or presence of propolis (at concentrations ranging
between 0.82 and 2QQy/ml), cell viability was quantified
by trypan blue dye exclusion and MTT assay. At propolis

drugs that work via different mechanisms, such as interfer-
ing with HIV-1 entry into cells. Using a cell fusion assay
that measures HIV-1 cell entry into Cb4ells, propolis
(Cannon Honey Bee Company) suppressed cell fusion at
all concentrations tested with an Efof approximately

80
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Fig. 3. Effect of propolis on viral entry. CD4cells were used as partners
with I1IB-Env expressing HelLa S3 cells in the absence (control) or pres-
ence of propolis and fusion was measured using the reporter gene activation
assay analyzed by the colorimetric CPRG method. Data (aieai.M. of
values from three different donors) are expressed as percent inhibition of
B-galactosidase relative to control valu€sP < 0.01 vs. control (by mixed
model analysis incorporating intra person correction).
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Fig. 4. Effect of propolis on antiretroviral drugs in CD#ymphocyte cultures. CD4cells were infected with HIV-4r in the absence (control) or presence
of propolis alone or in combination with: (A) AZT or (B) indinavir. Data are maa®.D. of triplicate values and are representative of three independent
experiments using CD4ymphocytes from different donor§.P<0.01, compared to AZT in the absence of propolis by (ANOVA).
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Fig. 5. Effect of propolis on antiretroviral drugs in microglial cell cultures. Microglial cells were infected with JtYs1in the absence (control) or presence
of propolis alone or in combination with: (A) AZT or (B) indinavir. Data are mea®.D. of triplicate values and are representative of three independent
experiments using microglial cells from different brain tissue specimiéRs: 0.01, compared to AZT in the absence of propolis by (ANOVA).

22.2ug/ml (Fig. 3). Using CD4 lymphocytes fromthree dif-  entry inhibitor. Also, our results suggest it is unlikely that
ferent donors, 22.@2g/ml propolis suppressed cell fusion by propolis will antagonize the anti-HIV-1 activity of RTIs such
52.344.9% (meant S.E.). Thus, it appears that the antiviral as AZT or Pls such as indinavir. The antiretroviral compo-
effect of propolis in CD4 lymphocytes is mediated, at least nent(s) of propolis, a natural product which contains over
in part, by inhibiting viral entry into cells. 180 constituentsRurdock, 1998, is unknown. However,
Currently, antiretroviral therapy involves the use of flavonoids WWang et al., 1998; Critchfield et al., 1996; Xu
drug combinations with different mechanisms of action. To et al., 2000, moronic acid derivativedtp et al., 200} and
study potential interactions between propolis and standardcaffeic acid Burke et al., 199} all of which are found in
antiretroviral agents, propolis (Cannon Honey Bee Company) propolis, have been demonstrated by several research groups
was added to CD4lymphocyte and microglial cell cultures  to possess anti-HIV-1 activity. The widespread use of propolis
that were simultaneously treated with AZT or indinavir. As as a herbal remedy for almost three millennia and the results
is shown inFig. 4, at a concentration of 7g/ml, propolis of toxicology studies in rodentsB(irdock, 1998 suggest
appeared to have an additive effect on AZT-mediated viral that propolis is relatively safe. Nonetheless, the absence of

suppressionKig. 4), but it had no effect on indinaviF{g. 4) reports on either efficacy or safety of propolisin the treatment
in CD4" lymphocyte cultures. When microglial cells were of HIV-1 infection coupled with recent evidence of adverse

studied, propolis again had an additive effect on AEIQ(5) interactions of other natural products on the bioavailability of
and no significant effect on indinaviFig. 5). Pls Piscitelli et al., 2000, 2002nandate that before propolis

is considered for clinical use that safety and pharmacokinetic
studies be carried out in HIV-1-infected patients receiving

4. Conclusions standard antiretroviral agents.

In conclusion, the results of these in vitro studies suggest
that propolis has potent antiviral activity against X4 and R5 Acknowledgments
HIV-1 variants in the major cell types that are infected by
this virus in vivo. Our studies with CD4lymphocytes sug- This study was supported by the Institute for Brain and
gest that propolis from several geographic regions has similarimmune Disorders, Minneapolis Medical Research Founda-
activity and that propolis operates, at least in part, as a viral tion, Minneapolis, MN. We are grateful for the invaluable



G. Gekker et al. / Journal of Ethnopharmacology 102 (2005) 158-163 163

assistance of Dr. Fred Kravitz and to Shannon Benson for Jiang, Z.-G., Piggee, C., Heyes, M.P., Murphy, C., Quearry, B., Bauer,
he|p in manuscript preparation_ M., Zheng, J., Gendelman, H.E., Markey, S.P., 2001. Glutamate is
a mediator of neurotoxicity in secretions of activated HIV-1 infected
macrophages. Journal of Neuroimmunology 117, 97-107.
Kress, R., 1996. Value-Added Products from Beekeeping. FAO Agricul-

References tural Services Bulletin. Rome, ltaly.
Lokensgard, J.R., Gekker, G., Peterson, P.K., 2002. Kappa-opioid receptor
Amoros, M., Lurton, E., Boustie, J., Girre, L., Sauvager, F., Cormier, agonist inhibition of HIV-1 envelope glycoprotein-mediated membrane
M., 1994. Comparison of the anti-herpes simplex virus activities of fusion and CXCR4 expression on CD4 (+) lymphocytes. Biochemical
propolis and 3-methyl-but-2-enyl caffeate. Journal of Natural Products Pharmacology 63, 1037-1041.
57, 644—-647. Nussbaum, O., Broder, C.C., Berger, E.A., 1994. Fusogenic mechanisms
Amres, K., Bucar, F., Kartnig, T., Witvrouw, M., Pannecouque, C., De of enveloped-virus glycoproteins analyzed by a novel recombinant
Clercq, E., 2001. Antiviral activity against human immunodeficiency vaccinia virus-based assay quantitating cell fusion-dependent reporter
virus type 1 (HIV-1) and type 2 (HIV-2) of ethnobatanicaly selected gene activation. Journal of Virology 68, 5411-5422.
Ethiopian medicinal Plants. Phytotherapy Research 15, 62—69. Peterson, P.K., Gekker, G., Hu, S., Lokensgard, J., Portoghese, P.S., Chao,
Bankova, V.S., De Castro, S.L., Marcucci, M.C., 2000. Propolis recent C.C., 1999. Endomorphin-1 potentiates HIV-1 expression in human
advances in chemistry and plant origin. Apidologie 31, 3-15. brain cell cultures: implication of an atypical mu-opioid receptor. Neu-

Banskota, A.H., Tezuka, Y., Kadota, S., 2001. Recent progress in pharma-  ropharmacology 38, 273-278.
cological research of propolis. Phytotherapy Research 15, 561-571. Piscitelli, S.C., Burstein, A.H., Chaitt, D., Alfaro, R.M., Falloon, J., 2000.

Burdock, G.A., 1998. Review of the biological properties and toxicity of Indinavir concentrations and St. John’s wort. Lancet 355, 547-548.
bee propolis (propolis). Food and Chemical Toxicology 36, 347-363. Piscitelli, S.C., Burstein, A.H., Welden, N., Gallicano, K.D., Falloon, J.,
Burke Jr., T.R., Fesen, M.R., Mazumder, A., Wang, J., Carothers, A.M., 2002. The effect of garlic supplements on the pharmacokinetics of
Grunberger, D., Driscoll, J., Kohn, K., Pommier, Y., 1995. Hydrox- saquinavir. Clinical Infectious Diseases 34, 234-238.
ylated aromatic inhibitors of HIV-1 integrase. Journal of Medicinal Santos, F.A., Bastos, E.M.A.F., Maia, A.B.R.A., Uzeda, M., Carvalho,
Chemistry 38, 417-4178. M.AR., Farias, L.M., Morreira, E.S.A., 2003. Brazilian propolis:
Cowan, M.M., 1999. Plant products as antimicrobial agents. Clinical physicochemical properties, plant origin and antibacterial activity of
Microbiology Reviews 12, 564-582. perodontopathogenes. Phytotherapy Research 17, 285-289.
Critchfield, J.W., Butera, S.T., Folks, T.M., 1996. Inhibition of HIV activa-  Serkedjieva, J., Manolova, N., Bankova, V., 1992. Anti-influenza virus
tion in latently infected cells by flavonoid compounds. AIDS Research effect of some propolis constituents and their analogues (esters of
and Human Retroviruses 12, 39-46. substituted cinnamic acids). Journal of Natural Products 55, 294-302.
De Clercq, E., 2000. Current lead natural products for the chemotherapy Stantchev, T.S., Broder, C.C., 2000. Consistent and significant inhibi-
of human immunodeficiency virus (HIV) infection. Medicine Research tion of human immunodeficiency virus type 1 envelope-mediated
Reviews 20, 323-349. membrane fusion by beta-chemokines (RANTES) in primary human
Gekker, G., Lokensgard, J.R., Peterson, P.K., 2001. Naltrexone potenti-  macrophages. Journal of Infectious Diseases 182, 68-78.
ates anti-HIV-1 activity of antiretroviral drugs in CD4ymphocyte Vynograd, N., Vynograd, I., Sosnowski, Z., 2000. A comparative multi-
cultures. Drug and Alcohol Dependence 64, 257-263. centre study of the efficacy of propolis, acyclovir and placebo in the
Harish, Z., Rubinstein, A., Golodner, M., Elmaliah, M., Mizrachi, treatment of genital herpes (HSV). Phytomedicine 7, 1-6.

Y., 1997. Suppression of HIV-1 replication by propolis and its Wang, H.K., Xia, Y., Yang, Z.Y., Natschke, S.L., Lee, K.H., 1998. Recent

immunoregulatory effect. Drugs and Experimental Clinical Research advances in the discovery and development of flavonoids and their

23, 89-96. analogues as antitumor and anti-HIV agents. Advances in Experi-
Ito, J., Chang, F.R., Wang, H.K., Park, Y.K., Ikegaki, M., Kilgore, N., Lee, mental Medicine and Biology 439, 191-225.

K.H., 2001. Anti-AIDS agents: 48 (1) anti-HIV activity of moronic Xu, H.X., Wan, M., Dong, H., But, P.P.,, Foo, L.Y., 2000. Inhibitory

acid derivatives and the new melliferone-related triterpenoid isolated activity of flavonoids and tannins against HIV-1 protease. Biological

from Brazilian propolis. Journal of Natural Products 64, 1278-1281. Pharmacology Bulletin 23, 1072-1076.



	Anti-HIV-1 activity of propolis in CD4+ lymphocyte and microglial cell cultures
	Introduction
	Materials and methods
	Propolis samples
	Ethanolic extracts of propolis
	HIV-1 isolates
	Cell cultures and cytotoxicity assays
	Assessment of anti-HIV-1 activity
	Assessment of viral entry
	Statistical analysis

	Results and discussion
	Conclusions
	Acknowledgments
	References


