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Summary — The immunomodulatory action of a water-soluble derivative (WSD) of natural propolis
was investigated. The oral and parenteral administration of the WSD enhanced the survival rate and
the mean survival time in experimental bacterial (Klebsiella pneumoniae, Staphyllococcus aureus)
and fungal (Candida albicans) infections in mice. An increased resistance was observed also in
Kiebsiella pneumoniae infection induced after cyclophosphamide treatment. The WSD stimulated
peritoneal macrophages to produce in vitro interleukin-1, which corresponded to their elevated total
protein secretion. In addition, WSD failed to trigger lymphocyte proliferation as determined by popli-
teal lymph node assay. The WSD was suggested to augment non-specific host defense via macro-
phage activation.

propolis / water-soluble derivative / immunomodulation / anti-infectious resistance / macro-
phage

INTRODUCTION lected in different regions. The major poly-
phenols are flavonoid aglycones, accom-
panied by phenolic acids and their esters,
phenolic aldehydes, ketones, etc (Ghisal-
berti, 1979; Bankova and Marekov, 1984;

Walker and Crane, 1987; Greenaway et

Honey bee products have been used in
modern clinics, especially in the treatment
of infections and allergic and inflammatory
states (Pochinkova, 1986). Propolis is an

effective remedy, exerting antiviral and
antimicrobial activities (Manolova et al,
1985). Up to now, more than 100 com-
pounds, mainly polyphenols, have been
identified as constituents of propolis col-

* Correspondence and reprints

al, 1989).

Anti-infectious drugs such as antibiotics
or antivirals have begun to exhaust their
therapeutic capabilities. The widespread
occurrence of disfunctions of the immune
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system requires new approaches. Immu-
nomodulation through natural or synthetic
substances may be considered an alterna-
tive for the prevention and cure of infec-
tious diseases (Azuma and Jolles, 1987;
Hadden et al, 1989; Toshkov et al, 1989).
All known drugs and medicines based on
natural propolis contain only its non-
soluble forms. Some of these oral prepara-
tions, like Aagard propolis (NF Borner,
Germany), exert general biostimulation but
their influence on the immune system has
not been studied. A number of newly
found propolis derivatives have been re-
ported to inhibit viral replication in vitro and
in vivo and to increase resistance against
viral infections. These recently developed
water-soluble fractions and forms of natu-
ral propolis can be applied both orally and
parenterally, and having a better resorb-
tion, they are believed to possess an im-
proved efficacy (Manolova et al, 1985,
1986; Maximova-Todorova et al, 1985;
Kénig and Dustmann, 1986).

The present study investigated the
properties of one of the propolis forms,
named water-soluble derivative (WSD), re-
lated to antibacterial and antifungal protec-
tion, and cellular mechanisms of action.

Table 1. Effect of WSD in experimental infections.

V Dimov et al

MATERIALS AND METHODS

Water-soluble derivative (WSD)
treatment

The water-soluble derivative (WSD) was ob-
tained according to the protocol of Nikolov et a/
(1987). Ten WSD specimens from different pro-
polis samples collected in several geographical
areas of Bulgaria were prepared. The differ-
ences between their chemical compositions
were insignificant as detected by high-
performance liquid chromatography (HPLC) and
gas chromatography—mass spectrometry (GC—
MS) (Bankova et al, 1982, 1986; Bankova and
Kuleva, 1989). Freeze-dried WSD was dis-
solved in distilled water at different concentra-
tions and solutions were administered in various
schemes (tables I-IV) to male and female in-
bred mice (ICR strain) 18-20 g bw.

Experimental infections

Bacterial and fungal infections in WSD- treated
and nontreated (control) mice were induced
with:

— Klebsiella pneumoniae, strain 52145 (Institute
Pasteur, Paris) at a dose of 25-30 cells per
mouse, SC; :

Treatment Protection
Administration @ Dose® Kl pneumoniae S aureus C albicans
A8z AMSTZ9 AS,; AMST,; AS; AMSTy

po 150 16.0 0.7 8.6 0.1 nd nd
50 50.0 1.9 114 1.2 62.5 103

ip 150 60.0 2.2 16.2 1.2 55.6 17.0
50 11.0 0.1 12.8 0.9 nd nd

sC 150 14.0 0.6 114 1.9 25.0 44
50 10.0 0.1 1.4 06 nd nd

a Administered via different routes on 3 consecutive d (—3, -2, ~1) prior to inoculation. P In mg/kg. ¢ Increase in sur-
vival rate (%). 9 Increase in mean survival time {(d). nd, Not done.



Immunomodulation by propolis 157

— Staphylococcus aureus, strain Smith (Institute
of Microbiology, Sofia) at a dose of 2 x 109 cells
per mouse, iv;

- Candida albicans, strain 562 (Institute of Infec-
tious and Parasitic Diseases, Sofia) at a dose of
2 x10% cells per mouse, iv.

Table 1. Effect of WSD in experimental K/ pneu-
moniae infection and immunosupression.

Treatment Protection
ASg© AMST, 1
WSD +Cya +20.0 +1.0
WSD b +20.0 +05
Cy(-1) ¢ -30.0 -15
Cy(-20) d - 67 -06

a Treated po with 50 mg/kg WSD and injected ip with
150 mg/kg Cy at -3, =2, -1 d prior to inoculation.
b Treated only with WSD po as described. ¢ Treated only
with Cy as described. 9 Treated with Cy in a dose and
by a route as described at —22, —21, —20 d prior to ino-
culation. ¢ Changes in survival rate (%). ! Changes in
mean survival time (d).

The doses for inoculation were chosen after
preliminary experiments to achieve a survival
rate of = 30—40%. The course of infections were
followed up to the 8th, 15th and 30th d after in-
oculation with K/ pneumoniae, S aureus and C
albicans, respectively. The survival rate (S) and
mean survival time (MST) were calculated. The
effect of WSD was expressed as a difference
(A) in S or MST of WSD-treated and control
groups.

Immunosuppressive drug regimen

The cyclophosphamide, Cy (Germed, Germa-
ny), was injected at different intervals prior to in-
oculation with KI pneumoniae as described (see
footnotes to table II).

Macrophage cultures

At the 5th, 7th, 15th and 20th d after treatment
with WSD, peritoneal macrophages were ob-
tained by a single washing of peritoneal cavity
with 10 mi of tissue medium RPM! 1640 supple-
mented with 20 mM HEPES, 100 pg/mi strepto-
mycin and 100 U/ml penicillin (Flow Lab, UK).

Table lll. /n vitro IL-1 activity and total protein secretion.

Intervalsa IL-1 activity ® Total proteins ©
5 5264+ 642  (1.03)d 6 879 + 520 (1.23)d
7 5793+ 768  (1.14) 6625+125  (1.18)
15 5922+ 482  (1.17) 8312+£340  (1.48)
20 20429+1768 (4.03) 8 155 + 268 (1.45)
5065+ 335¢ 56051204 ¢
1428+ 297 f
1892+ 4359
949+ 307N

2 Days after the last treatment with WSD (po; 50 mg/kg on 3 consecutive days) when macrophage were collected.
5Incorporation of 3H-thymidine by thymocytes expressed as mean counts per min + SE of triplicate wells in each
group. ¢ Secretion of #C-glycine labeled proteins, presented as means counts per min + SE. 9 Values in parenthe-
ses are ratios as calculated with “e”. © In supernantants of macrophages from non-treated animals. ! In supernatants
of macrophages from non-treated animals in the absence of PHA. ¢ In supernatants of macrophages from treated

animals in the absence of PHA. ® Medium control.
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Table IV. PLN reaction to WSD.

Intervals @ 5 6 7 8 12 13 14 15  Control©
PLNindex® 1.17  1.13 1.60 1.18  0.92 1.03 1.00 126  1.00
+025 +0.58 +046 +0.29 +040 +0.32 +0.38 +0.33 +0.01

a Days after the injection with WSD (3 mg/0.05 ml saline). P Values are expressed as mean of 6 animals + SE.

¢ Treated with 0.05 ml saline only.

Cell suspensions in concentration of 2 x 108/mi
were plated on 16-mm diameter wells (Nunc,
Denmark).

IL-1 activity assay

The level of IL-1 in the 24-h macrophage su-
pernatants was determined by augmentation of
3H-thymidine incorporation by mouse thymo-
cytes (Meltzer and Oppenheim, 1977). Briefly,
single cell suspensions of thymuses from ICR
mice (1.0 x 106 cells in 0.1 ml) were cultured
with 0.1 ml of the macrophage supernatants at
1:4 dilution for 40 h in a 96-well microtissue cul-
ture plate. The culture medium contained a sub-
mitogenic concentration (1 ng/ml) of phytohae-
magglutinin, PHA (Sigma, USA) and 2.5 x 10
M 2-mercaptoethanol (Merck, Germany). Thym-
ic cultures were pulsed for 6 h with 1 pCi of 3H-
thymidine (Amersham, UK).

Total protein secretion measurement

A portion of macrophages was cultured in the
presence of 1 uCi/ml 14C-glycine (Amersham).
After 24 h the radiolabelled proteins were count-
ed.

Popliteal lymph node (PLN) assay

A single dose of WSD was injected into the right
hind footpad leaving the contralateral side unin-

jected as a control, according to the method of
Gleichmann (1981). The popliteal lymph nodes
were removed at different intervals and weighed
immediately. The effect of WSD to ensure PLN
reaction was expressed as PLN index being the
ratio of the lymph node weights of the injected
over the uninjected side.

RESULTS AND DISCUSSION

The pretreatment with WSD induced pro-
tection against the model infection, al-
though the pathogens challenged different
processes: lethal pneumonia, toxic septice-
mia, disseminated mycosis after K/ pneu-
moniae, S aureus and C albicans, respec-
tively (table 1). Better protective. effect of
the preparation emerged in the case of K/
pneumoniae infection as compared to an-
other bacterial infection. The mortality rate
in the course of C albicans infection was
relatively low. Previous data and present
investigation suggest that propolis stimu-
lates macrophages and enhances survival,
because the macrophages are assumed to
be the major factor preventing bacterial
and fungal dissemination (Dimov et al,
1988).

In addition to its immunostimulatory ac-
tion in the case of infections induced in in-
tact hosts, WSD showed an immunoresto-
rative effect. Profound immunosupression
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developed as a result of cyclophospha-
mide injections (table Il). The infection in
the immunocompromised host was strong-
ly exacerbated as illustrated by negative
A Sg and A MST,. Simultaneous adminis-
tration of WSD prevented drug-induced im-
munosuppression and improved survival.

Based on the antibacterial and antifun-
gal effect of WSD, and the anti-influenzal
action of some propolis fractions (Manolo-
va et al, 1985, 1986; Maximova-Todorova
et al, 1985) we conclude that different pro-
polis derivatives induce anti-infectious pro-
tection comparable to other immunostimu-
lants (Azuma and Jolles, 1987; Hadden et
al, 1988; Toshkov et al, 1989). The influ-
ence of some propolis fractions on specific
and non-specific immune defense mecha-
nisms, ie, the release of migration inhibi-
tory factor, macrophage phagocytosis,
numbers of rosette-forming and antibody-
producing cells, has been previously re-
ported (Manolova et al, 1987; Neychev et
al, 1988). ’

Since macrophages are required to pro-
vide anti-infectious defense, the influence
of WSD on their function was established.
The substance was found to stimulate
macrophages to produce IL-1, which corre-
sponded to enhanced protein secretion
and was taken as a reference for macro-
phage activation (table lll). The WSD slow-
ly and continuously elevated the IL-1 pro-
duction during the entire observation
period. These long-lasting consequences
of WSD application coincided with the anti-
infectious protection up to the 30th day.
The peak of the IL-1 activity at the 20th
day was similar to the effect of the other
immunostimulants on macrophage activa-
tion (Toshkov et al, 1989), and a connec-
tion with the metabolism of the agent
should be investigated. A variety of immu-
nostimulants, eg Lentinan (Yamanouchi
Pharmaceutical Co, Japan), lipopolysac-
charides, Broncho-Vaxom (Laboratories

OM, Switzerland), chitin derivatives, and
muramil dipeptide have been examined as
potent in vivo or in vitro inducers of IL-1 in
man and animals (Chihara, 1984; Kido et
al, 1984; Martin du Pan and Koechli, 1984;
Nishimura et al, 1986; Oppenheim et al,
1980). Their proven therapeutic capability
is related to action on macrophages. In the
case of infections and neoplasms, this ac-
tion includes changes in IL-1 (a lympho-
cyte activating factor), which is highly in-
volved in immune cell cooperation.

Additional evidence that the action of
WSD may be limited mainly to macro-
phages was shown in the lack of influence
on lymphocyte proliferation. The injection
of WSD failed to trigger a significant reac-
tion, as illustrated by kinetics of popliteal
lymph node enlargement (table V). Ac-
cording to the detailed study of Gieich-
mann (1981), T cells are believed to be re-
quired for genuine PLN reactions. In
contrast to previous observations on the
effect of some propolis fractions on anti-
gen-binding cells (Neychev et al, 1988),
PLN non-responsiveness to the various
WSD doses argues against the possibility
that the agent acts as a mitogen on lym-
phocytes. The present experiments also
suggest that WSD is incapable of inducing
sensitization, thus mediating a proper ef-
fect through macrophages. The effect of
similar propolis preparations on B lympho-
cytes is shown by augmentation of the
number of plaque-forming cells and spleen
weight index (Dimov et al, 1988; Scheller
et al, 1988).

Based on the results presented here,
we postulate that the broad therapeutic
spectrum of propolis includes a pro-
nounced immunomodulatory activity direct-
ed mainly toward augmenting non-specific
anti-infectious resistance via macrophage
activation. The exact mechanisms underly-
ing the induced protection remain obscure.
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Résumé — Action immunomodulatrice
de la propolis. Influence sur la protec-
tion anti-infectieuse et la fontion macro-
phage. Ce travail étudie I'action de dérivés
hydrosolubles (WSD) de la propolis sur la
défense de I'organisme contre l'infection et
les réactions immunes. Des solutions a di-
verses concentrations de WSD lyophylisés
de propolis ont été préparées stérilement.
Elles ont été administrées par voie orale
ou par injections intrapéritonales ou sous-
cutanées a des souris consanguines (sou-
che ICR), a des doses allant de 50 & 150
mg par kg, durant 3 j consécutifs avant
l'inoculation de bactéries (Klebsiella pneu-
moniae et Staphylococcus aureus) ou de
champignon (Candida albicans). On a cal-
culé le taux de survie (S) et le temps
moyen de survie (MST) a la fin du déve-
loppement des infections modeles (8, 15
ou 30 j respectivement). L'action des WSD
a été estimée d'aprés les différences (A)
du S (%) et du MST (j) entre des souris
traitées aux WSD et des souris non trai-
tées (témoins). En général, le prétraite-
ment aux WSD a suscité une protection
maximale meilleure (tableau I} dans le cas
de l'infection par Kl pneumoniae (+ 60,0%;
+ 1,2 j). L'effet bénéfique des WSD a été
également élevé dans le cas de l'infection
fongique (+ 62,5%; + 17,0 j). En outre, la
substance a restauré la réponse immuni-
taire dans le cas de l'infection par K/ pneu-
moniae chez des organismes hétes immu-
nodéprimés par application de
cyclophosphamide (tableau I1).

Les WSD ont stimulé la production in
vitro d'interleukine-1 (IL-1) par les macro-
phages péritonéaux. Cette production, ex-
primée en coups/min par l'incorporation de
3H-thymidine par les thymocytes, a été
maximale le 20¢ j et correspond a la sécré-
tion accrue de protéines totales (tableau
).

L'injection de WSD, a la dose de 3 mg
dans la patte arriere droite, n'a pas réussi

a déclencher la prolifération des lymphocy-
tes des ganglions poplités (tableau V).
Ceci peut étre considéré comme une preu-
ve supplémentaire que l'action des WSD
est limitée principalement aux macropha-
ges. Il est évident que la propolis et ses
dérivés présentent une activité immunomo-
dulatrice marquée, qui se traduit par un
augmentation de la résistance non spécifi-
que due a l'activation des macrophages.

propolis / dérivé hydrosoluble /
immunomodulation / résistance anti-
infectieuse / macrophage

Zusammenfassug — Wirkung von Pro-
polis auf die Immunomodulation. Ein-
fluB auf den Schutz vor Infektion und
die Funktion der Makrophagen. Losun-
gen verschiedener Konzentrationen von
gefriergetrockneten wasserldslichen Aus-
ziigen (WSD) von Propolis wurden unter
sterilen Bedingungen zubereitet. Sie
wurden entweder oral oder durch intraperi-
toneale bzw subkutane Injektion ingeziich-
teten Mausen (Stamm ICR) in Dosen von
50 bis 150 mg per kg verabreicht. Diese
Behandlung wurde an drei aufeinanderfol-
genden Tagen durchgefiihrt, bevor eine
Impfung mit Bakterien (Klebsiella pneumo-
niae und Staphylococcus aureus) oder
Pilzen (Candida albicans) erfolgte. Am
Ende des vorgeplanten Experiments (nach
8, 15 und 30 Tagen) wurden Uberlebens-
rate (S) und mittlere Uberlebenszeit (MST)
berechnet. Der Effekt von WSD wurde ge-
schéatzt aus den Unterschieden (A) bei S
(%) und MST (Tagen) zwischen WSD-
behandelten und Kontroll- (unbehandelten)
Gruppen. Im allgemeinen fihrte die Vorbe-
handlung mit WSD bei einer Klebsiella
pneumoniae-Infektion zu einem besseren
Schutz (Tab 1): + 60.0% und + 1.2 Tage.
Auch bei einer Pilzinfektion war die giinsti-
ge Wirkung hoch (+ 62.5% und + 17
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Tage). Die Substanz regenerierte auBer-
dem das Immunsystem wahrend einer In-
fektion mit Klebsiella pneumoniae bei Wirt-
stieren, die vorher durch Cyclophosphami-
de immungeschadigt worden waren (Tab
ihy.

Das WSD regte die peritonealen Makro-
phagen an, in vitro Interleukin-1 (IL-1) zu
produzieren, mit einem Maximum am 20
Tag und ausgedriickt durch den Mittelwert
pro min des von den Thymozyten aufge-
nommenen 3H-Thymidin, was der erhéhten
Abscheidung an Gesamtproteinen ent-
spricht (Tab Il1).

Die Injektion von WSD (3 mg in den
Ballen der rechten Hinterpfote) filhrte zu
keiner Vermehrung der Lymphozyten wie
aus einer Uberpriifung der poplitealen
Lymphknoten hervorgeht (Tab V). Dies
kann als weiterer Hinweis darauf gelten,
daB die Wirkung von WSD vorwiegend auf
die Makrophagen beschrankt ist. Es ist of-
fensichtlich, daB Propolis und seine Be-
standteile eine ausgesprochene immunre-
gulatorische Aktivitdt entfalten, ausgelbt
durch eine Starkung einer unspezifischen
Resistenz Uber die Aktivierung von Makro-
phagen.

Propolis / wasserloslicher Auszug / Im-
munomodulation / antiinfektische Resi-
stenz / Makrophage
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